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(57) Abstract: A growing system for plant seedlings that takes into consideration the varied tequirements of the seedling; seedling 
and transplant environment; seedling cell (312) size; mechanical transplanter requirements; seedling leaf, stem and root develop- 
ment and coordinates all these requirements to increase transplanting yields may include laiger containers that maximize yield and 
minimize damage. Aspects may eliminate left-over seedlings, reduce the number of manua] stq>s (301), decrease labor (303), and 
increase transplant yields. 
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PLANT GROWING SYSTEM TO MAXIMIZE TRANSPLANT YIELD 

I. TECHNICAL FIELD 

Generally, this invention relates to a growing system that may incorporate plant 
production techniques to maximize transplanting yields or provide other enhancemCTts. 
5 Specifically, the invention focuses upon techniques and technology for growing plants that 
when used in combination may result in higher transplanting yields which, in tum, may result 
in reduced production costs for greenhouse operators vdiere controlling production costs is 
desirable. These can include processes that improve the transfer of plant seedlings from a 
high-density tray to a larger/lower density tray, can provide plant transplanting systems which, 

10 may be coordinated with requirements of plant seedlings and mechanical transplanters, can 
provide practical and functional ways in which the size, shape, number and dimensions of a 
tray and cell in which plant seedlings are initially grown can be coordinated with mechanical 
transplanters, can provide systems for automatically transplanting plants &om small seedling 
trays to larger containers or trays, and can automate an existing mechanical transplanter so that 

15 a number of manual steps may be eliminated and replaced with automatic systems. 

n. BACKGROUND 

In the production of greenhouse plants firom seeds, seeds may be sown into trays widi 
small cells for individual germination. Seedlii^s are grown in these small cells for a short 
time before being transplanted into larger (usually finished) containers. Often greenhouse 

20 personnel transplant these individual cells by hand into the larger containers. This process is 
labor intensive and therefore expensive. Since this process of hand transplanting is not 
economical, several mechanical methods for transplanting the seedlings from the smaller cells 
to larger containers have been developed. The seedling can be either pulled up and out of the 
cell and then moved to the larger container or pushed down through the bottom of the cell into 

25 the larger container. The present invention focuses on tray designs and systems for 
transferring the seedling which are particularly appropriate to transfer by pushing it through 
file bottom of the cell into the larger container. 

One type of transplanter that was developed to push the seedling and seedling rooting 
media through the bottom of the seedling tray into a larger container or tray is noted in U.S. 

30 Patent No. 3,799,078 and U.S. Patent No. 3,820,480. In these punch-down methods the 
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seedling is punched through the bottom of the seedling tray into the new larger container or 
tray. These mechanical transplanters improved the efficiency of transplanting labor, but 
because of the mechanical aspect of the machinery and the like, there has sometimes been a 
reduction in the yield of seedlings when transplanted into larger containers and within the 
5 larger containers. Some seedlings may have been too small or too large to be successfully 
transplanted using a mechanical transplanter. This may have resulted m greenhouse operators 
purchasing seedlings that cannot be used, thereby decreasing the yields of finished containers 
to seedlings. Some seedlings may have been transplanted using this method, but because of 
mechanical damage to the seedling experienced during die mechanical transplanting process, 

10 the seedling later dies. This may result in greenhouse operators replacing the dead plant by 
hand. This can be very labor intensive and cost inefiScient Sometimes, the greenhouse 
operator may need to discard the product because it is not salable. This reduces the yield of 
the expected finished containers. Greenhouse production costs often exceed 70% of the 
overall product costs. Greenhouse operators need to control these production costs. The best 

1 5 way to do that is to increase yields. Increased yields reduce production expenses by reducing 
the amount of seedlings required to achieve the planned nxmibers and by decreasing labor 
costs due to efficient transplanting and eliminating the need to replace dead seedlings. 
Increased yields can also result in increased sales because an increased number of salable 
containers may be available. As production costs (such as fuel and labor) continue to 

20 increase, it can become more critical than ever for greenhouse operators to have higher yields 
to remain competitive in the market Perhaps surprisingly, however, greenhouse operators 
have worked to improve seedlings and the transplanting process independent of those 
designing transfer systems and methods. The growing ^stem in the present invrotion 
coordinates the seedling production with the transplanting process to maximize transplanting 

25 yields and provide other advantages. 

In addition, while the system of pushing or punching the seedling into the new larger 
container can allow for a simple transfer fi-om the seedling tray to the larger container or tray, 
a problem can exist in that there may be several steps that need to be accompUshed by hand 
which slows the process down considerably. The punch-down transplanters fi-equently in use 

30 can have as many as 14 to 3 1 manual steps per seedling tray, depending on the ratio of the 
larger container or tray to the seedlmg tray. The slower the process, the more inefficient the 
use of labor. This can also cause increased production costs. 

'2 



wo 02/058455 



PCT/US02/02257 



One problem that greenhouse operators struggle with is that seedling producers have 
not previously been producing seedlings specifically grown to be transplanted with a 
mechanical transplanter. In some settings, seedling producers have focused on seedling 
production for maximum germination, minimum time in the seedling tray and best quality 
5 seedling for transportation to the customer who may also do transplanting. On the other hand, 
transplanter manufacturing companies have historically focused on designing transplanters 
that transplant the seedlings very &st. The two areas have simply not been as coordinated as 
they could For example, one of the problems with this punch-down method of transfer is tiiat 
the seedling can often be put under pressure as it is punched down through the seedling tray 
10 and into the new larger container's media as shown in U.S. Patent No. 3,799,078 and U.S. 
Patent No. 3,820,480. This method uses a very small cell for the seedling, which can result 
in the transfer of an immature seedling with a small root system in a small amount of rooting 
media. 

Because of the extremely small size of the individual cells, the seedlings can often be 

1 5 damaged during the pimch out process. During the punching down process, the plant usually 
must fit through the opening at the bottom of the individual cell. Because of the high-density 
number of cells per tray, seedlmg leaves can be damaged because they do not often fit 
properly or optimally though the very small cell. This domagt to the seedling can provide a 
wound for disease or insects, which can reduce the vigor of the transplanted plant or even 

20 cause death. The seedling can also be punched down through the seedling cell and into the 
new larger cell's media without a cavity for the seedling's root and media to reside in. The 
seedling's roots and media may be compressed into the new larger container's media 
potentially resulting in tearing and crushed roots. Tom and crushed roots allow disease and 
insects a point of entry, which may reduce seedling vigor and may lead to death of the 

25 seedling in the new, larger container. 

Further, the amount of rooting media is often extremely small. Because of the small amount 
of media usually available for the seedling to root into, the root system of the seedling is often 
small and fragile and therefore subject to tearing or damage that may provide a wound entry 
for disease or reduce the overall root volume available to support the plant Healthy roots are 

30 critical to high yields aftertransplanting. Seedlings with damaged, diseased roots usually have 
reduced vigor and increased mortality rates. All this may require the greenhouse opemtor to 
replace the dead plants or discard the container as unsalable. Small, immature seedlings have 

3 
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a higher mortality rate - often as high as a 10-15% value of increase depending on variety of 
seedling - which can dramatically reduce the transplant yield and increase production costs. 

As can be seen, tray designs for the punch-down type of seedling transfer have focused 
on the method for delivering the seed into the individual cells, on the design of the bottom of 
5 each individual cell, and on maximizing the number of individual cells per tray as shown in 
U.S. Patent No. 3,903,643, but not on the seedlings themselves. As can be understood, such 
tray designs did not allow for optimum seedling development. Rath^, the focus appears to 
have been on maximizmg the number of individual cells per tray. Perhaps surprisingly, this 
can actually be detrimental. Because of the very high density of individual cells per tray, it 

10 can be extremely difficult to sow an individual seed into each individual cell. The nature of 

if 

mechanically placing an individual seed in each cell on a tray measuring 10 inches by 20 
inches with 1 ,296 individual cells makes it probable that a large number of cells can be empty. 
It is even more difficult to insure that the sown seed is placed appropriately. 

Obvioxisly, cells without seeds cannot be transplanted. Yet when the tmy is used in 

15 a mechanical transplanter, the mechanical transplanter does not know that there is no seedling 
in an individual cell and therefore transplants the empty cell anyway. This requires the 
greenhouse operator to patch the missing plant by hand, which is again labor intensive and 
e^ensive, or to discard the container as not salable — which is also expensive. Seeds not 
sown into.the middle of the cell may become damaged by the mechanical transplanter during 

20 the transfer process and seedlings germmatmg and growing on the edge of the individual cell 
may be subject to more crowding by neighboring cells and more drying because the roots have 
less media available. This can cause poor root development and therefore weaker roots. This 
usually results in a reduced number of transplantable seedlings or in a reduced nimiber of 
seedlings that will be successful in the larger container. Usually these weak seedlings die or 

25 do not perform to the expectations of the greenhouse operator. 

Another problem is that because of the extremely high density of the individual cells 
in the seedling tray, the uidividual cells are sometimes not able to maximize the germination 
potential of seeds that are sown correctly. Therefore, the germination yield of the seed can 
be reduced. To combat the lower germination yield, greenhouse operators are often forced to 

30 include a production buffer equal to or greater than the anticipated germination yield. This 
adds additional e^ense due to increased use of seed, seedling trays, greenhouse space, and 
labor and overhead to manage that production buffer. 

4 
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To compound the situation, the number of individual cells in the seedling tray is not 
usually coordinated with the number of cells in the larger container. Sometimes the seedling 
tray and larger container may often not be compatible, resultrag in leftover seedlings that may 
eitibier be thrown away or may need to be manually transplanted. During the transfer process 
5 there may be seedlings that are leftover without a finished container in which to be transferred 
or tiiere may be finished containers without seedlings because the seedlings are used up before 
the finished containers are done being transplanted. This may require or economically drive 
grerahouse operators to eitho: discard the left over seedlings or to discard the finished tray 
that is not completed causing additional expense in seed, growing media, trays, labor, 

10 greenhouse space, and overhead to manage product that will be discarded. 

Focusing on the punching process itself, the head of the punch-down device can be too 
large for the cell dimensions. The puncher head may also have a concave face. Often this 
encourages the seedling to become situated directly under the puncher head. It may thereby 
significantly increase the likelihood that the puncher head will break or crush leaves and or 

15 the stem of the seedling being transplanted. Size or shape may contribute to the punch head 
hitting the seedling and punching down on top of the seedling. The head of the puncher is 
often over 50% of the size of the cell thereby assuring that the punch head will come into 
contact with the seedling's leaf or stem. Crushed or broken leaves or stems may allow disease 
and insects a point of entry which may reduce seedling vigor and may lead to death of the 

20 seedling m the new, larger container. 

One specific problem can be that the cell size that the seedling is grown in has not 
been coordinated with the transplanter to maximize transfer fi:om the small cell into a larger 
container. This may result in seedling damage because the transplanter cannot successfiiUy 
transfer the seedling fi-om the small cell without tearing or smashing of seedling stems or 

25 leaves. This tearing or smashing may create a point of entry for disease, or may reduce the 
vigor of the seedling so it either is stunted or dies in the larger container and thus reduces 
yield. Another problem is that the root system may be compressed or tom by pushing or 
pulling on the seedling as it is transferred. This compression or tearing may create a point of 
entry for disease, reduce the capacity of the rooting media to adequately provide moisture and 

30 nutrients and reduce the vigor of the seedling so it either is stunted or dies in the larger 
container. The ratio of the mechanized transplanter components to the cell size can be critical 
for transplanting success. 
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Another problem can be that the maturity of the seedling is often not fectored into the 
transplanting process. Seedling producers know that an immature seedling may not transplant 
successfully if it has an underdeveloped leaf, stem and root system and that an overly mature 
seedling may not transplant successfiilly because it may have an overdeveloped leaf, stem and 
5 rootsystem. However, the optimal seedling stage for traiisplanting based on both cell size and 
transplanter system has not been considered. The stress of transplanting from small cells to 
larger containers has not been previously considered which may result in several problems. 
Seedlings may receive uimoticed damage to leaf, stem and roots that may allow disease to 
enter and reduce overall plant vigor. The stress of transplanting from the small cell to the 

10 larger container is not minimized so tiie seedling may require a recovery period from 
transplanting which may then result in increased crop time and additional production costs, 
therefore, yields can be compromised by seedlings that are not transplanted at the optimum 
time to better achieve their growth potential whether relative to leaf, stem, or root. 

Seedlings are usually grown by large wholesale greenhouses that sell the seedlings to 

15 smaller greenhouse operators. The seedlings may be produced in mass quantity without 
consideration of where the customer for the seedling is located. As a result, one problem may 
be that a customer in Texas with high light levels and warm temperatures would receive the 
same cuttings as a customer in Montana with low light levels and cool temperatures. This 
may create a problem in that the seedlings may not be acclimated to their new environment 

20 so transplanting stresses may be increased. This additional transplanting stress may reduce 
seedling vigor so that diseases may be allowed to increase. Additionally, the vigor of the 
seedling may be reduced resulting in stunted or dead plants. This, of course, may reduce 
yields. 

Another problem can be that the leaf area and leaf type of the seedling may not be 
25 coordinated with the mechanical aspect of the transplanting process. This could result in a 
significant number of tom or damaged leaves on the seedlings as the transplanter transfers liie 
seedling from the small cell to the larger container. This tearing or damage of the leaf may. 
create a point of entry for disease, or may reduce the vigor of the seedling by reducing the 
photosynthesis area so it either is stunted or dies in the larger container. This may also reduce 
30 yields. 

A significant problem also can be that the size of the cell may not be coordinated with 
the seedling leaf type. Consequently, large leaf seedling varieties may be grown in the same 

6 
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cell size as small leaf seedling varieties. This may cause several problems. Each seedling 
variety can have a specific leaf size and type based on the genetics of the seedling variety. If 
a large leaf seedling variety is grown in very small cells, the leaves of the seedlings may 
overlap or may create amicro envuronment within the seedling tray. Under these large leaves, 
5 humidity may increase and light may decrease. This can be the perfect environment for 
disease and insects and may cause the seedling to stretch up toward the light causing a weak 
stem on the seedling. Seedlings with these characteristics may not be successful in the 
transplanting process. They may die due to the disease or insects that may have already 
infected them or, because they may have a weak stem, they may break during the transplanting 

10 process or fell over once they are transplanted and there is no longer any support from 
surroxmding seedlings to keep them upright. This may also reduce yield. Conversely if a 
small leaf seedling variety is in too large a cell, the rooting media may dry too quickly because 
there is not enough leaf area to shade it and evaporation may then be increased. This may 
result in seedlings that have weakened root systems due to excessive drying which again, may 

1 5 create a point of entry for disease, or reduce the vigor of the seedling so it may become stunted 
or may die in the larger contamer. 

Another significant problem can be that cell size may not be coordinated with the 
seedling type to maximize seedling leaf, stem and root development for optimum 
transplanting 3deld. Seedlings are often produced in a specific cell size to match the 

20 requirements of the mechanical transplanter without consideration of whether tiiat cell size 
is optimum for producing a seedling that will have a higher potential yield after transplanting. 
Cell diameter, depth and overall volume is designed for the transplanter, not for the seedling. 
This may result in seedlings that are stressed because they do not have adequate leaf 
expansion area and root development area. Seedlings may be susceptible to disease and 

25 insects and overall vigor may again be reduced. When transplanting firom the small, incorrect 
cell size to the larger container occurs, the seedling may either be stunted or die in the larger 
container. Transplanting or increased crop time may be necessary which can add to production 
costs. 

Sometimes, the movement of the seedling tray to the next position in a new larger tray 
3D prior to punching down is accomplished as a manual step with the transplant operator required 
to move the tray into the next position. It can be difficult for the transplant operator to quickly 
and easily determine where the next position for the seedling tray is. As a result the seedling 

7 
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tiay may not be in the correct position so the punch heads can either punch the wrong 
seedlings or punch in a position that has aheady been punched, so there are no seedlings in 
that position to be punched down. Because there are as many as 6 to 14 different positions 
that the seedling tray needs to be positioned into, the opportunity for operator error is high. 
5 This can reduce transplanter efficiency, which increases labor costs. 

When the seedling tray is held in place with 2 manual clamps to prevCTt it from 
moving up or down during the punch down process. These 2 manual clamps can need to be 
in position so that the seedling tray does not move which could result in changing the position 
of the punch heads (as described above) or that seedlings could be damaged due to the punch 

10 heads tearing or crushed the seedling tray. This manual step can take additional time for the 
transplant operator and because the clamps can be small, it can be easy for the transplant 
operator to apply them incorrectly. Seedlings that are crushed or torn by the punch heads 
usually die in the large containers. 

Yet another problem can be that the larger container (usually a tray) that is positioned 

15 below the seedling tray can have a manual stopper. This larger container or tray may need to 
be positioned in exactly the right place or the seedling that is punched down into it may not 
be positioned in tiie cent^ or middle of the new container or tray cielL If the transplanted 
seedling is not in the center of the new, larger container, the seedling may root out into flie 
new media incorrectly. The roots might be on just one side of the new container. This may 

20 reduce seedling vigor and can increase the time it takes to finish the seedling into a salable 
plant It is estimated that seedlings not located in the center of a larger container or tray 
results in 7 to 10 additional days of finished crop time. 

m. DISCLOSURE OF INVENTION 

The present invention includes a variety of aspects, which may be selected in different 

25 combinations based upon the particular application, or needs to be addressed. The invention 
is a growing system that may maximize plant transplantmg yields or provide growth or other 
advantages through a variety of methods. In one embodiment, the invention is a coordinated 
plant transplantmg system for the seedling tray designed to be coordinated with a punch out 
mechanical transplanter. From one perspective, the invention may increase the dimensioiis 

30 of the individual cell such as to accommodate the leaves of the seedlings when they are 
punched through the cell and may prevent damage to the leaves during that process. This 

8 
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increased dimension of fhe individual cell may also increase the success of sowing the seed 
into the cell and may allow seeds sown into the cell to be placed in the center of the cell. The 
increased dimensions of the individual cell may then increase overall germination of the seeds 
resulting in an increased number of seedlings available for transplant The invention may also 
5 increase the amount of rooting media in each individual cell and therefore may allow for better 
root development of the seedling or the propagule. The number of individual cells may also 
be coordinated with the number of finished containers to prevent left over seedlings or 
containers without plants. 

Lot other embodiments, the invention may be able to factor the maturity of the seedling 

1 0 into the transplanting process which may minimize damage and stress to the seedling during 
transfer from the small cell to the larger container. The invention may also acclimate the 
seedling with the new environment that the seedling will experience once it is transplanted. 
It may coordinate the leaf area and type with the proper cell size which may minimize damage 
to the leaf during the transfer process ftom the cell to the larger container. It may coordinate 

15 the cell size with the seedling type for maximum leaf, stem and root development so the 
seedling may be best developed to go through the transplanting process. It may also eliminate 
the compression of the roots and rooting media of the seedling as it is placed into the media 
of the larger container or tray. A cavity can be created and may be referred to as a "dibbled" 
hole or as the act of "dibbling". 

20 One objective of the invention may be to increase transplanting yields or growth speed 

such as by reducing damage to the seedling stem and leaves and to the seedling root system. 
This can be accomplished by coordinating the cell size with the seedling transplanter and 
perhaps tihe species involved. To accomplish this, the cell size may be coordinated with the 
mechanical transplanter to prevent the act of mechanically transferring the seedling &om the 

25 small cell into the larger container from tearing or smashing the leaf and stem and may also 
prevent the compressing and tearing of tlie seedling roots as the seedling is transferred from 
the small cell to the larger container. The correct ratio of the mechanized parts of the 
transplanter to the specific cell size may be lised to prevent this damage. 

Another goal of the invention may be to increase transplanting yields by factoring the 

30 correct maturity of the seedling to maximize the vigor and health of the seedling before, 
during and after transplantmg. Transplanting stress on the seedling could therefore be reduced 
by transplanting the seedling at the correct stage of development. 
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Another objective may be to increase transplanting yields by acclimating the seedling 
to the type of environmmt that the seedling will receive once it has been transplanted from 
the small cell to the larger container*==;Factors such as geography and time of year may be used 
to detennine the growth of the seedlingS^his may prevent or at least reduce stress on the 
5 seedling during and after the transplanting process. 

Another goal of the mvention may be to coordinate the seedling leaf area with flie 
mechanical transplanting process. By using a combination of light, fertilizers, water and 
tanperature, among other factors, the leaf area of the seedlmgs can be sized correctly to 
maximize plant health and minimize damage during the mechanical transf^ from the small 
10 cell to the larger container. This may be done for each seedling variety which could then 
result in a consistently high number of high quality seedlings available for transplanting. This 
process may increase transplanting yields. 

A goal of the invention may be to coordinate the seedling leaf size and type with the 
small cell size. This could allow the seedling to have maximum vigor for transplanting. The 
1 5 transplantable seedlings within the seedling trays may increase and the number of stunted or 
deadplantsinthetransplantedlarger containers will decrease. This process may also increase 
transplant yields. 

A significant goal of the invention may also be to coordinate the seedling variety with 
the overall cell size and the mechanical transplanter which may increase yields. By 
20 maximizing the vigor and health of the seedling through optimum leaf, stem and root 
development in the small cell, the seedling may have higher yields in the larger containers. 
The exact requirements of each seedling variety plus tlie mechanical actions of the transplanter 
may be part of the overall growth requirements for the seedling and may be factored into a 
tailored system. 

25 Naturally ftirther objects of the mvention are disclosed throughout other areas of the 

specification and claims. 

IV. BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1-1 shows the coordination between the seedling cell size and the mechanical 
transplanter requirements that may result hi increased transplant yields. 
30 Figure 1 - 2A-B shows the relationship between the seedling maturity level and the 

10 
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mechanical transplanter requirements that may result in increased transplant yields. Figure 
1-2A shows the complex interaction between the environment and optimum seedling maturity. 
Figure 1 - 2B shows how optimxmi seedling maturity coupled with mechanical transplanter 
requirements may result in increased transplant yields. 
5 Figure 1-3 shows the efifect of the seedling envuronment as determined by the 

transplanted seedling environment which may result in increased transplant yields. 

Figures 1 - 4A-C shows the relationship between the leaf size and type and the 
mechanical transplanter requirements. Figure 1 - 4A shows the relationship of leaf size to the 
individual cell before transplant. Figure 1 - 4B shows the relationship of leaf type to the 
10 individual cell before transplant. Figure 1 - 4C shows the relationship between leaf size and 
type with the requirements of the mechanical transplanter which may result in increased 
transplant yields. 

Figure 1 - 5 A-B shows the relationship between optimum seedling development and 
mechanical transplanter requirements. Figure 1 - 5A shows a cross section of optimum 
15 development of a seedling. Figure 1 - 5B shows the relationship of the key components of 
seedling growth with the requirements of the mechanical transplanter which may result in 
increased transplant yields. 

Figures 2 - 1 A-D show in cross section how the larger cell dimension will allow tibe 
seedling leaves to fold toward the center of the cell duruig the extraction process without 
20 excessive folding and th^efore damage to the leaves. 

Figure 2 - 1 A shows tiie seedling prior to beginning the extraction process. 

Figure 2 - IB shows the seedling root media one half extracted from the kidividual cell 
and the position of the leaves. 

Figure 2 - 1 C shows the root media just after extraction from the individual cell and 
25 the position of the leaves. 

Figure 2 - ID shows the seedling fiiUy extracted from the cell and the leaves returned 
to their pre-extraction position. 

Figures 2 - 2A-D show the improvement of larger cell dimension on the ability to 
increase the number of successfully sown seeds per seedlmg tray and the improved seed 
30 placement in the middle ofthe individual cells. 

Figure 2 - 2A shows a cut-away section of the tray with a transplanter wheel next to 
it This shows the reduced number of pick-up holes per transplanter wheel resulting in better 
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seed pick-up and therefore increased seed sown. The wheel type transplanter is shown as an 
example of merely one of many different types of transplanters. The theory of seed pick-up 
to seed sown can be similar regardless of transplanter type. 

Figure 2 - 2B shows the unproved seed placement in the center of each individual tray. 

5 Figure 2 - 2C shows a top view of the seedling in the center of an mdividual cell and 

the healthy leaf development due to reduced crowding from neighboring cells. 

Figure 2 - 2D shows a cross section of the seedling in the center of an individual cell 
and the healthy root system due to more even drying of the media for the root area. 

Figure 2-3 shows a relationship of increased cell dimensions to lower seedling 
10 density to increased germination yields to increased transplantable seedlings to increased 
transplant yields. 

Figures 2 - 4A-B show the increase in maturity of the roots and the seedling with 
increased root media. 

Figure 2 - 4A shows a small root media and the maturity of the seedling. 
1 5 Figure 2 - 4B shows a larger root media allowing for more complete root development 

and seedling maturity prior to transplanting. 

Figures 2 - 5 A-B show the relationship between the number of individual cells in the 
seedling tray with the number of cells in the larger container. 

Figure 2 - 5A shows that a seedling tray or tmys can do multiple larger container trays. 

20 Figure 2 - 5B shows that the seedling tray or tmys individual cell number divided by 

the larger container cell number is an even number without any decimals. 

Figure 2-6 schematically shows the transplanter transplanting seedlings from 2 
seedling trays into multiple larger container trays. The number of seedling trays transplanted 
at 1 time may be determined by the multiple of the larger container trays. 
25 Figure 3 - A-B shows the relationship between reducing the number of manual steps 

from 14 to 3 1 down to just 2 manual steps. 

Figure 3 - lA shows the reduction of 14 to 31 manxial steps. 
Figures - IB showsthebenefitofthereduction to just2manualsteps. Theresultmay 
be reduced labor, increased transplant ef&ciency and reduced operator errors. 
30 Figure 3 - 2A-B shows an automatic moving device for tiie §eedling tray. 

12 
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Figure 3 - 2A is a cross section of the punch down transplant system showing the 
punch heads positioned above the seedling tray with an automatic moving device and the 
larger container or tray beneath. 

Figure 3 - 2B shows the seedling tray with an automatic moving device and the range 
5 of movement required. 

Figure 3 - 3 A-B shows the automatic clamp device for the seedling tray. 

Figure 3 - 3 A is an overhead view of the seedling tray and an automatic clamp device. 

Figure 3 - 3B is a cross section of a punch down transplant system showing the punch 
heads positioned above the seedling tray with an automatic clamp device and the larger 
1 0 container or tray beneath. 

Figure 3 - 4A-B shows the automatic stopper device for the seedling tray. 
Figure 3 - 4A is a cross section of the punch down transplant system showing the 
punch heads positioned above the seedling tray with an automatic stopp^ device and the 
larger container or tray underneath. 
15 Figure 3 - 4B is an enlarged view of the seedling tray properly positioned directly 

above the middle of a larger container or tray by an automatic stopper device. 

Figures 4-1 A-C show the dibbling process and transplanting of the seedling into tiie 
predibbledhole. 

Figure 4-1 A $hows the dibbling process prior to the transplanting process. 
20 Figure 4-lB shows a cross section of the hole being dibbled and the shape of the 

dibbling mechanism. 

Figure 4-1 C shows a cross section of the seedling being transplanted into the 
predibbled hole. 

Figures 4-2A-B show the ratio of the pxmch head to the cell dimensions. 
25 Figure 4-2A shows this ratio in profile. 

Figure 4-2B shows this ratio fi:om the perspective of above the punch head looking 
down on the cell dimensions. 

Figures 4-3 A-D show the location of the seedling in the seedling cell and how the 
punch head may descends on the seedling cell without damaging the seedling. 
30 Figure 4-3A shows an overhead of the punch head on the seedling cell with the 

seedling located in a particular quadrant of the seedling cell. 

13 
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Figures 4-3B and 4-3 C show the punch head descending on the seedling cell and the 
seedling located in the nook of the kidney shaped punch head. The seedling may not be in 
contact with fhe punch head as the punch head descends onto the seedling cell. 

Figure 4-3D shows a design of the punch head in cross section. 
5 Figures 4-4A-B conceptually show the transplanter transplanting seedlings firom two 

seedling trays mto multiple larger container trays. The number of seedling trays transplanted 
at one time may be determined by the multiple of the larger container trays. This may even 
show an improvement in eflBciency of two or three times. 

Figure 4-5 shows conceptual relationships similar to those in Figures 4-4A-B. 
10 Figure 5-1 shows one type of transplant system. 

V. MODE(S) FOR CARRYING OUT THE INVENTION 

As mentioned earlier, the present invention includes a variety of aspects, which may 
be combined in different ways. Each of these aspects may at times be discussed separately 
or at limes as combined with other aspects in no particular order. It should be understood that 

15 all permutations and combinations are possible for any given system. 

As shown in Figure 1-1, the invention may involve the coordination of the seedling 
cell size (1) to the mechanical transplanter requirements (2). Although described in the 
context of — and initially intended for application to - a punch down type of transplant 
system, it is not necessarily limited to that type of transplantation. As shown in figure 5-1, 

20 however, it can be understood how such a system is used. Basically, when it is desired to 
cultivate or grow plants in the commercial quantities of a green house setting, one determines 
the species (501) to be grown and then proceeds to plant the species. This can occur by 
planting seeds, of course. This usually occurs in trays (502) containing separate propagule 
transplant containers (503) arranged in a repeatable pattem or matrix (504). The containers 

25 (503) may have placed within them an appropriate growth media (505). By utilizing a 
controlled environment, these propagules are then nurtured to an appropriate development in 
a stage referred to as an initial growth stage. 

Since the propagules are planted perhaps m a first matrix, it may be deemed appropriate to 
transfer the given plant species (501) to a larger container, often using a given transplant 
30 modality. In a punch down system, this is usually accomplished by using a plant punch 
element (507) to act upon an intermingled plant-media mass (506). The plant pimch element 

14 



wo 02/058455 PCT/US02/02257 

(507) thus causes a substantial portion - if not all - of the intermingled plant-media mass 
(506) to be extruded from the propagule transplant container (503) through a yieldable exit . 
element (508) or the bottom of each container. By permitting the plant punch element (507) 
to have movement within or even through the matrix (504), the extruded intermingled 
5 plant-media miass (506) may be placed in an adolescent plant container (509). This can occur 
because most intermingled plant-media masses (506) are cohesive and thus present an 
individual transplant cohesive intermingled plant mass. Of course the matrix may also be 
arranged in a rectilinear matrix of orderly rows and colunons. Since the trays used are 
intended for greenhouse use, they are usually adapted for use in a controlled growth 
10 environment such that they can be moved, watered, subjected to growth substances, and Hie 
like. 

In one modality, it is also possible that in both exixudmg and inserting the plant, this 
action can occur continuately, that is, as part of a single step which both pushes the plant 
propagule out and as part of the same uninterrupted motion pushes it into the new container. 

15 Thus, the system may be arranged as a continuate insert system (510). This may occur 
immediately after extruding the propagule. It may even occur very close to each other and so 
the system may provide for close tolerance positioning of the two trays. Multiples of the 
extrusion and insertion processes for a plurality of plant propagules can occur at once and 
even simultaneously for even more efficiency. 

20 By dibbling the larger container (509) or tray prior to the larger container or tray 

receiving the transferred seedling or more generally, propagule, the transferred seedling can 
have a space available for the seedling's roots and rooting media. This can be especially 
important as the size of the seedling being transferred is increased to allow for a more mature 
seedling in leaves, stem and root development to be transplanted. With a larger root system 

25 and more rooting media to allow the seedling to mature more in the seedling tray, the larger 
tray media can require a dibbled hole to receive the seedling or the seedling's root system 
would usually be crushed and torn to some degree. By having a predibbled hole that is 
coordinated with the size of the seedling root system and rooting media being transferred, the 
seedling can be able to be punched into the new larger container or tray without damage to the 

30 root system due to compaction which can result in crushing or tearing of the roots. 

The shape of the dibbling mechanism or predibbler (511) can even be convex and 
blunt. This may allow the larger cell media to be pushed to the side as the hole is dibbled 

15 
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rather than it being compressed or compacted by the dibbling mechanism. This predibbled 
hole can provide a better surface area for assimilation between the seedling rooting media and 
the new larger container root media. 

As shown in Figures 4-1 A to 4-1 C, each individual larger cell can be predibbled prior 
5 to the transfer of the seedling into the new larger cell The dibbling process (401) may occur 
prior to the transplanting process (402). The dibbling mechanism or predibbler (403) may 
be positioned above each large cell (404) and lowered into the media (407). The size of the 
dibbling mechanism (403) could correspond to the size of the seedling rooting media (409). 
Thus the predibbled hole (405) may be the correct size to receive the seedling rooting media 

10 (409). The shape of the dibbling mechanism (403) could have a blunt convex shape (406) at 
the end that penetrates or acts upon the media (407). This shape may move the media (407) 
sideways (410) preventing or reducing compression or compaction of the media (407). The 
seedling or propag\ile (408) may fit directly mto the predibbled hole (405) allowing for best 
assimilation of the seedling rooting media (409) with the large cell (404) media (407). The 

1 5 number of dibbling mechanisms (403) could match the number of large cells (404) per large 
container or row. 

Figures 4-2 A to 4-2B show the ratio of the dibbling mechanism (403) to the media 
(407). The optimum ratio may fall between 30% and 10% of the media dimensions. This 
may provide the amount of dibbling mechanism (403) required to punch the seedling through 

20 the seedling tray into the new larger container. The media may be, held intact by the root 
system of the seedling and because the dibbling mechanism (403) is large enough to cover a 
sufficient amount of media (407) to easily extract the seedling from the seedling tray. 

One aspect of an operational system for transplanting growing plants that increases 
transplant yield by reducing damage to seedling leaves, stems and roots during the transfer 

26 process is Ihus presented. This can be accomplished by predibbling a hole for the seedling to 
rest in after the transplanting process with a blimt convex shape, which can move the media 
to create a hole without compacting the media. This same or a similar blunt convex shape can 
be used on the punch head face to gently move the seedling to the side as the punch head 
descends and extracts the seedling from the seedling cell 

30 At the time of transplanting, the propagule can perhaps be considered a juvenile 

plantlet which is about to begin a second growth phase. Again this may be in a controlled 
environment. As this phase is accomplished, the plant may become an adolescent plant Of 
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course, in keeping with the broad nature of the invention, it should be understood that the 
terms juvenile and propagule and adolescent may be considered to encompass even fully 
grown plants for certain desired applications. 

As mentioned earlier, an important aspect of the invention is to provide an enhanced 
5 yield. This is considered in the context of the yields traditionally available for each species 
and each transplant modality. This traditional transplant production yield of course may vaiy 
by species but importantly, enhancements over the traditional yield for a particular species are 
what is desired. This can be accomplished by determining and impacting the growth by a 
punch-transplant-specific morphological growth criterion or perhaps a 

10 pimch-transplant-optimized morphological growth criterion. In each case, the criterion is 
specifically selected and determined as being appropriate for the particular transplant modality 
intended to be used. The entire system or specific components can be designed so that it or 
they are supportive elements for such a criterion. Thm an aspect of the system, such as a 
container size or the like, may serve as a supportive element which assures the proper 

15 criterion. 

Again, in designing such a system, it should be imderstood that all the values applied 
may be further varied to coordinate to a particular species and to particular customer needs. 
A key aspect, however, is the possibility of now coordinating the physical aspects of the tray 
or the growing system with the requirements of the larger containers that the seedlings will 
20 be transplanted into, while taking into consideration the requirements of the seedling or 
species before, during and after transplanting and the mechanical characteristics of the 
transplanter. 

One feature which can be applied is that of using an externally manifested growth 
criterion. As such, the feature is not one such as age that needs to be guessed at, but rather 

25 one that can be determined with certainty. This can aid in use of the system since processes 
with large numbers of events, such as presented here, can require statistical analysis for 
ultimate assessment. To avoid a need for guessing or to at least minimize uncertainty, an 
externally manifested criterion can be used. When selected for a specific transplant modality 
or the like, the criterion can be said to provide a punch-transplant-specific morphological 

30 growth criterion. The particular criterion selected may even be one ^ch has been 
detemoined (statistically, through experimentation, by application of theory, or even through 
estimation) to be a yield sensitive criterion. 
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As one of ordinaiy skill in the art of plant cultivation would readily appreciate, any 
possible criterion could be applied. These criterion may even vary by species or transplant 
modality utilized. For example, but without limitation, the criterion coiild include the 
transplant environment utilized, the transplant procedures utilized, the transplant device 
5 utilized, the seedling environment utilized, or the like. Importantly, any one or any 
combination of any of these can be selected and varied in order to achieve an enhanced 
production yield over that traditionally experienced. This enhanced yield may even be 
statistically increased by merely affirmatively establishing the criterion and then 
accomplishing the transplant event at a time when that criterion is substantially established. 

10 As mentioned the morphological growth criterion selected may be one or more of a 

variety of factors. When multiple factors are used to achieve the enhanced yield or the like, 
the system may be said to have involved multifactorial criterion. Thxis, by utilizing 
multifactorial pimch-transplant-specific morphological growth criterion or the like, the system 
can provide the desired advantages. Each or any one of these criterion may of course be 

15 appropriate to a given plant species and a given transplant modality and it can be the 
coordination of these two previously unrelated aspects that can be significant. Further, as 
examples are given throughout this description, it should be understood that any example or 
value may be specifically applied to any species. The following species or groups may also 
be specified throughout, including but not limited to: bedding plants, cut flowers, vegetative 

20 cuttings, petunias, pansies, snapdragons, vincas, lobelias, portulacas, geraniums, bacopas, 
helichrysms, impatiens, and even new gumea impatiens, to name a few. As yet another 
example, it should be noted that a simple ratio involving any of the foregoing or other Victors 
may be applied as well as all combinations and permutations of any fectors identified. 

By coordinating at least one transplant system aspect with at least one externally 

25 manifested criterion, the invention can provide the advantages desired. The transplant system 
aspects may be as simple as a consideration of the specific mechanical actions of the 
transplant system with a concurrent consideration of the stage of development for transplant. 
As yet another example, by relating a transplant system dimension to a propagule transplant 
container size value, enhancements can be realized. Instead of merely considering the age of 

30 the plant for when it would outgrow the initial propagule transplant container, the invention 
can consider the age for optimal transplant and thus it can provide for optimizing the average 
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development stage for a particular transplant system or modality. As to terms used, it should 
be noted that as used throughout this description, the term "optknal" "maximized" or the like 
is not intended to be only limited to the best in any situation. It is sufficient that the relevant 
feature or result only be enhanced over traditional methods whether or not the best is 
5 achieved. The &ctors relevant to optimal age can be varied, of course. They may include 
punch head size or type, container si2;e, or the like. The average development stage may even 
be selected to precisely establish a specific-tray optimized morphological growth criterion and 
may be coordinated with a particular matrix intended to be used. It may also provide an 
automatic transplant system aspect coordination element when applied in a system in which 

1 0 transplantation is accomplished through a system which is automated and designed to operate 
with less human intervention. 

In systems in which it is desired to achieve a punch-transplant-optimized 
morphological growth criterion, the system may include components or the like to serve as 
supportive elements to such a criterion, that is to provide an element which makes it more 

15 likely that the desired criterion will actually be achieved on a substantial number of 
propagules. One &ctor which can be selected here is that of providing for an enhanced growth 
speed of the plant. This is possible because with the new system, transplantation can be 
accomplished as a stage or in a system which provides for a particularly desired criterion. As 
another example, it can be seen that by providing for transplant at an age of about 7, 5, or even 

20 3 days premature as compared to a traditional transplant age for the particular species 
involved, the juvenile plantlet, or adolescent plant may even grow at a faster pace than 
previously experienced in traditional transplant trays or the like. Importantly, through the 
present invention, it is now possible to provide a more wholistic system and to thus achieve 
the coihmercial advantages desired. Again, even in a growth speed context it should be 

25 understood that multifactorial criterion can be appUed. As such multifactorial 
punch-transplant-optimized morphological growth criterion can be affirmatively established 
in a maimer such as to provide a growth speed enhancement element or the like. 

As mentioned earlier, the goal of one embodiment is to achieve a yield enhancement 
or even a yield maximization effect, that is a result which is statistically increased over a 

30 transplant production yield traditionally experienced for a particular species and a particular 
transplant modality. This may be a yield of greater than about an eighty-five percent, ninety 
percent, or even ninety-five percent production yield. One way this can be accomplished is 
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through use of a subdued density matrix, that is a matrix of plant containers which are spread 
out over a larger area than traditionally used. It may even be a rarefied density, that is a 
substantially lower density of containers than used for a particular species. 

Especially appropriate to the invention is using a system which provides for 
5 simultaneous transplantation of a plurality of plants at once. This may include simultaneously 
extruding (such as through a simultaneous extrusion system) and/or simultaneously inserting 
(such as through a simultaneous msertion system), each as illustrated in one embodiment in 
figure 5-1. All this may be accomplished through an automatic transplmt system, of course. 
As mentioned earlier, one goal of an embodiment is to reduce the overall manual steps 

10 that are currently required to run a punch-down transplanter. By automating specific manual 
steps in the transplanting process, the number of manual steps can be reduced to even 2 
manual steps from the current 14 to 3 1 steps. Another goal of an embodiment is to reduce the 
number of operator errors during the transplanting process. This is consistent with the 
reduction in current manual steps from 14 to 31 steps to as little as two steps. This may 

1 5 reduce operator error to near zero, which may then increase transplanter efficiency and reduce 
production costs. It may also increase the efiSciency of the transplanter. It is estimated that 
the efficiency could increase by 35% due to the reduction in manual steps and the like. 

Another objective of an embodiment of the invention is to provide for the automation 
of the movement of the seedling tray as it is repositioned for the punch heads. The seedling 

20 tray may begin in the start position and may then automatically move to the next position 
based on a mechanical device that could be activated when the transplant opemtor moves the 
punch heads. This could eliminate 6 to 14 manual steps per seedling tray and may increase 
transplant efficiency and reduce production costs. Figure 3-lA to 3-lB shows the aspect of 
the impact of reducing the number of manual steps from perhaps anywhere firom 14 to 31 

25 (301). The number of manual steps actually reduced may vary based on the number of 
individual cells in the seedling tiay being transplanted. The larger the number of individual 
cells in the seedling tray, the larger the number of manual steps there are to be reduced. When 
14 to 3 1 manual steps (301) are reduced to 2 manual steps (302) there may be a significant 
reductioninproduction costs (306). Productioncosts(306)thatmaybemostaffectedinclude: 

30 reduced labor (303), increased transplant efficiency (304) and reduced operator error (305). 
Reduced labor (303) may allow the greenhouse operator to reallo.cate the labor resources or 
reduce overall labor. Increased transplant efficiency (3 04) means that the number of trays able 
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to be transplaated per hour may be increased by up to about an estimated 35%. The result 
may be a reduction in labor. Reduced operator errors (305) may eliminate the amount of 
wasted motion due to not positioning the tray in the correct position. It may reduce damage 
to seedlings due to incorrectly pimched seedlings. This may result in more viable seedlings 
5 in the larger containers or trays and increased transplant yields. 

Another objective is to move the seedling tray (307) with an automatic moving device 
(308) as shown in Figures 2-2A to 2-2B. The punch head assembly can have the same number 
of punch heads (310) as the larger container or tray (311). This means the punch head 
assembly (309) can have fewer punch heads (3 10) than the seedling tray (307) has individual 

10 cells (3 12). The seedling tray (307) could then be moved by the automatic moving device 
(308) after each punch action in order to position the punch head assembly (309) above a new 
set of individual cells (312). The motion (313) of the seedling tray (307) by the automatic 
moving device can be both forward to backward and side to side. This may allow for every 
individual cell (312) to be positioned under the punch head assembly (309) correctly for 

15 transfer into the larger container or tray (311). 

The combmation of the reduction of all the manual steps may increase the efficiency 
of the transplanting process by as much as 35%. Greenhouse operators may be able to transfer 
this efficiency in the form of labor to reduce overall payroll or reallocate for other projects 
within the greenhouse operation. There may be a further increase in transplant yield, which 

20 may further reduce production costs and add to the bottom line. 

Another objective of the invention is to provide for automatically clamping the 
seedling tray to keep it from moving during the punch-down process. The seedling tray may 
automatically be clamped each time the transplant operator moves the punch heads. This may 
eliminate 2 steps per seedling tray and importantly may also insure that the tray is properly 

25 positioned to eliminate smashing or tearing of the seedlings by the punch heads because the 
seedling tray is not clamped into the correct position. This may prevent additional production 
costs due to replacing dead seedlings or discarding the container as unsalable. 

Another objective of yet another embodiment of the uivention is to automatically 
position the new larger container or tray under the seedling tray. The new larger container or 

3D tray may have a stopper that could automatically engage as the transplant operator moves the 
punch heads up from the transfer process. This may eliminate 6 to 14 steps per seedling tray 
resulting in increased transplant efficiency and reduced production costs. This aspect may 
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also insure that the seedlings being transplanted will be positioned in the middle of the new 
container or tray. This may insure proper seedling growth and may increase seedling vigor 
and improve finished crop time by 7 to 10 days. 

Figures 3-3 A to 3-3B shows an automatic clamp device (3 14) next to the seedling tray 
5 (307). The automatic clamp device (315) may automatically clamp the seedling tray (307) 
prior to starting the pimch down process. The automatic clamp device (3 1 5) may then engage 
prior to the punch head assembly (309) descending to the seedling tray (307) and punch the 
seedlings through to the larger container or tray (311) underneath. This may prevent the 
seedling tray (3 07) from moving when the punch heads (3 1 0) engage the seedlings (314). The 

10 result may be increased accuracy in the pxmching process preventing damage to seedlings 
(3 14) in the larger container or tray (311). 

Another objective shown in Figure 3-4A to 3-4B is an automatic stopper device (3 1 6). 
The automatic stopper device (3 1 6) may engage as each larger container or tray (3 1 1) is put 
into position below the seedling tray (307). The automatic stopper device (316) may also 

15 insure that the larger container or tray (3 1 1) is positioned correctly to receive the seedlings 
(314) as they are punched through the seedling tray (307). This may result in the large 
container or tray individual cell (317) being positioned exactly in the center of the seediiiig 
tray (307) individual ceU (3 12). The seedling (314) may then be punched into the center of 
the larger container or tray individual cell (317), which may increase viability of the 

20 transplanted seedling. TMsmayresultinincreasedtransplantyieldsanddecreasedproduction 
costs. It may also reduce the nimiber of manual steps by 6 to 14. 

As can be appreciated, the automation of the various movements necessary can be 
accomplished to any degree. Referring to figure 5-1, it can be seen that the j&ame element 
(512) of the system such as the base or adjoining elements can provide or be attached to a 

26 specific set of guides which provide for positioning of the various trays involved. For 
example, a propagule transplant container matrix guide (513) can provide for the top tray to 
be positioned so that at least some portion of it is parallel to an adolescent plant container 
matrix guide (5 14). It may even be positioned substantially orthogonal to an orthogonal plant 
punch support (5 1 5). The system may include a movement mechanism (516) which may act 

30 upon the punch elements (507). Importantly an automated movement sequencer (517) may 
act upon one or more of the various trays. This may act as an automated forward tray 
movement sequencer or as an automated side-to-side tray movement sequencer such as to 
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coordinate the punching of all containers into the larger tray. In operation the system could 
create a sequence of automated movements to appropriately reduce the manual steps involved. 

One aspect mentioned earlier is the fact that the system can be designed to provide for 
a close tolerance adolescent plant container matrix guide as shown. In this type of an 
5 embodiment, the system may have the adolescent plant container situated as close as possible 
to the propagule transplant container so that at tiie time of transplanting the two are situated 
in close proximity and parallel to at least a portion of each oibsr. This can minimize the 
exposure of the plant to disease and the like and can thus serve to enhance yield or achieve 
other desired effects. 

10 As mentioned earlier, and as shown in iBgures 1-1, 1-5A, and 1-5B, the seedling cell 

size (101) may need to match the mechanical transplanter reqxiirements (1 02) to get increased 
transplant yields (103) or the like. Mechanical transplanter requirements (102) can vary with 
the machine selected, and coordinating the seedling cell size (101) with the mechanical 
transplanter requirements (102) or the mechanical transplanter requirements (102) with the 

15 seedling cell size (lOl)may become critical to increase transplant yields (103). Thismatching 
of factors can include providing a particular species to propagule transplant container size 
ratio, a particular species coordinated propagule transplant contamer size, or it may even 
provide a season particularized transplant coordinated propagule transplant container size. 
The propagule transplant container size utilized may have a container dimension value which 

20 serves as a criterion establishment element 

One objective of the present invention may be to increase the overall dimensions of 
the individual cell to accomplish the aforementioned and other goals. As mentioned earlier, 
a first goal may be to prevent damage to seedling leaves as they pass through the cell into the 
larger container. The next goal may be to malce a larger surface area for the seed to be sown 

25 onto to increase the germination yield. Yet another goal with the larger surface area may be 
to make it more likely that the seed will be sown into the center of the individual cell so the 
seedlings have more vigor and will not be damaged during the transfer process of the 
mechanical transplanter. By increasing the overall dimensions of the individual cell, the 
germination yield of the seedling tray may increase because of a lower overall seedling density 

30 in the seedlmg tray. This may also increase germination yields and therefore increase 
transplantable seedlings. By increasing overall individual cell dimensions, the seedling may 
then be able to be in the germination tray longer so that the seedling may be more mature at 
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transplant thereby increasing transplant yield. 

Referring to figure 2-1 A to 2-lD, it can be seen that the first aspect is increasing the 
dimensions of the individual cell (20 1). As shown in Figures 2-1 A to 2-lD, by increasing the 
individual cell (201), the roots (202) with media (203) and leaves (204) may be more easily 
5 extracted from the ceU (201). The increased cell (201) dimensions can allow the leaves (204) 
to fold upward gently without tearing or damage during the extraction process. And once the 
seedling has been extracted fi:om the cell (201), the leaves (204) may be able to more quickly 
settle back to their original position. The roots (202) and media (203) may remain unchanged 
during the extraction process. 

10 As shown in figures 2-2A to 2-6, another goal achieved by the mcrease in cell (201) 

dimension can be the increase in area available for the seed (208) to germinate on. Figures 
2-2A to 2-2D show an elBfect of this increased cell (201) dimension. The seedling tray (205) 
can have individual cells (201) in it. As tlie seeding wheel (206) picks up seed (208) on the 
seed (208) pick-up points (207) and turns over the seedling tray (205) the seed (208) can be 

15 dropped by the seedling wheel (207) onto the media (203) of the individual cell (201). By 
increasing the cell (201) dimension, the number of seeds (208) that the seeding wheel (207) 
is required to pick up can be reduced. So an increased number of cells (201) have seed (208) 
in them after sowmg. The increased cell (201) dimension can also allow for better seed (208) 
placement in the middle of the cell (201) where the seedling (209) has the best space for leaf 

20 (204) development without crowding from neighboring cells. And the roots (202) can have 
better development because of more uniform moisture than at the edge of the cell (201). 

An aspect of the invention as shown in Figure 2-3 is the relationship of increased cell 
dimensions and it's effect on increased transplant yield (214). Small cell dimensions can 
result in high seedling density, which can reduce germination yields due to shading between 

25 adjoining cells. Increases in cell dimensions (210) may result inlower seed density (21 1) per 
tray. The lower seed density (211) can produce increased germination yields (212) by 
reducing shading and overlapping (when grown) from seedlings in close proximity to each 
other. The increased germination yield (2 1 2) may allow for increased transplantable seedlings 
(213). Increased transplantable seedlings (213) can, in turn, result in increased transplant 

30 yield (2 14) which reduces production costs. 

In one embodiment, the ratio of the cell dimension to the cell or seedling density can 
be dependent on the characteristics of the seedling variety. Some upright-stemmed seedlings 
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with a small leaf area could have a lower ratio of cell dimension to seedling density while 
some mxilti-branched have a large leaf area and may have a higher ratio of cell dimension to 
seedling density. The ratio therefore, can vary depending on the seedling. In one 
embodiment, it may fall between 1 .75 : 1 and 2. 5 : 1 , more generically these values may be about 
6 1:1,2:1, or 3:1. Itmay even niatchflie requirement ofthe transplanter ratios of the vertical 
cross section head size or area relative to cell cross section. 

In accomplishing the embodiment having a larger cell area, the system can be seen to 
provide a matrix of area extravagant containers, that is containers having a cross sectional area 
at their top or throughout which is larger or considered extravagant at any point as compared 

10 to a traditional container for a particular species for a particular transplant modality. The 
container may even be a post transplant growth sized container, that is one which would be 
traditionally considered appropriate for the size of a plant as it would exist at some stage after 
transplant. For a generic size or for a typical species used, such containers may be at least 
about 1 .95 square cm in area. This may be appropriate for many ofthe species listed earlier. 

1 5 As easily appreciated from figure 3-2B, the matrix of containers may be interconnected 

by a web (321) to form a tray (322). This web may be a substantially planar formable web in 
that it may be arranged to be formable into a planar configuration at least some time in use. 
By making the web (321) have more areatiian as traditionally considered optimum, the entire 
tray (322) may be cotisidered to present a yield enhanced subdued density matrix. The matrix 

20 naay thus present an excess web area matrix. This can serve to have an intentionally lower 
density of containers than considered traditionally optimal. For example, the propagule 
transplant container density value may be at least about 0.33 containers per square cm. The 
subdued density matrix may also have a density adapted to achieve an optimized 
morphological growth criterion selected from a host of options. 

26 Sindlar to the aspect of having an excess area container, another embodiment may 

include an excess root area transplant container or even an excess root volume container. This 
is in keeping with the previously mentioned objective of improving the root system ofthe 
seedlings in their individual cells by increasing the amount of rooting media available for the 
seedlings to germinate m. This may allow the root system to develop more completely before 

30 transplanting and may even allow seedling varieties with tap or heavy root systems to use this 
type of transplant process. The improved root system may increase the vigor ofthe seedling 
making it more successfiil during the stress of the mechanical transplanting process. The 
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seedling may also experience less tearing of the root system and may have more roots 
available for assimilation into the new media of the larger container after transplanting. This 
may decrease the mortality rate after transplant. By increasing the amount of rooting media, 
the seedling may be able to be in the germination tray longer so the seedling may be more 
5 mature at transplant and thereby transplant yields will increase. 

Ratios of root area or root volume can be similar to cell dimensions for seedling 
density per seedling tray. As one example, ratios of 1 .5 to 3.0 may be typical depending on 
the type of root system the seedling naturally develops due to genetics. In another example 
the ratio of container volmne to root volume may be at least about 5 : 1 or even 3:1. This ratio 

10 can also be consistent with the requirements of the transplanter ratios of the vertical cross 
section of the head and the depth of the transplanter during the transfer process. In such an 
embodiment, the system may use volume extravagant propagule transplant containers. In 
another example, these containers could even have individual volumes of at least about 3 CM 
3. They woxild thus serve as excess root volume containers. Generally, the system may 

15 simply have a root coordinated propagule transplant container size, or perhaps even a root 
disturbance avoidance propagule transplant container size so that during transplant, the roots 
would likely not be disturbed to a degree sufficient to not e?q)erience the enhanced yield or 
other effects desired. 

Another aspect of an embodiment is to make sure that seedling maturity (104) is 
20 matched with mechanical transplanter requirements (1 02) as shown in Figure 1 -2. Optimum 
seedlmg. maturity (104) may be achieved Ihrough the management of the complex 
environment (105). This environment (105) may include light level (106), heating and 
cooling (107), nutrient level (108) and moisture level (109). These aspects of growing the 
seedling by the greenhouse operator most likely involve detailed and constant monitoring to 
25 achieve the goal of optimum seedling maturity (1 04). The greenhouse operator may also use 
chemicals (110) to control insects (1 1 1) and disease (1 12). Chemicals (1 1 0) may also be used 
to control plant growth. Managing insets (111) and disease (1 12) may be critical to insuring 
that optimum seedling maturity (104) is achieved. 

The mechanical transplanter requirements (102) may also be used to determine the 
30 exact optimum seedlmg maturity (104) based on the method of mechanical transfer &om the 
small cell to the larger contamer. It may be advantageous to neither transplant too early (e.g., 
not robust enough for the stress of transplanting, etc.) nor too late (e.g., too large for the 



wo 02/058455 



PCT/US02/02257 



container, etc.). This relationship between optimum seedling maturity (104) and the 
mechanical transplanter requirements (102) may result ui increased transplant yields (103). 
The plant development stage at transplant may be specific to the growth environment 
involved. It may involve providing a planned time of transplant which is selected fix)m an 
6 apparent maturity factor related to the average development traditionally used. As one 
ekample, an average development may be related to a mature, developed plant and 
percentages of this maturity may be desired at the time of transplant In one example, maturity 
of about 30, 20, 10, or even 5 percent of a mature development for a species may be used. 
Perhaps surprisingly, by using an earlier stage of transplant, faster growth may be achieved. 

10 At the other end of the spectrum, late transplanting (with likely a commensurately larger 
container) may be used. In this example, percentages of maturity of about 100, 95, 85, 75, or 
even 65 percent of a mature development may be used. These may be estimated by utilizing 
a time of growth for transplant value which may be species or transplant modality specific, 
of course. As to transplant time, the optimal time to transplant may vary by species, of coxirse, 

15 however some values may apply such as: at about 4 weeks, at about 5 weeks, at about 6 
weeks, at about 7 weeks, at about 8 weeks, at about 9 weeks, and even at about 10 weeks. 

Another goal of the invention may be to increase the maturity and therefore amount 
of the roots (202) as shown in Figures 2-4A to 2-4B . A small cell (2 1 S) can have an immature 
seedling, which may have immature roots (2 1 9) and immature leaves (2 1 7) and therefore may 

20 be difficult to transplant. The immature roots (219) may be inadequate to hold the media 
(203) together, so the media (203) may fall away fi-om the immature roots (219). This may 
cause root (202) damage due to tearing or breaking and excessive drying. The immature 
leaves (217) may also be susceptible to tearing and crushing during the transplanting process 
because they may be small and there may be only a few of them. If the seedling loses 

26 photosynthesis area, overall seedling vigor will be reduced. Tom or crushed leaves may also 
provide entry sites for insects and disease, which may reduce the overall vigor of the seedling. 
Mature leaves (218) and mature roots (220) may only be available when the seedling is in a 
larger cell (216) which may give the seedling the tune required to develop mature leaves (2 1 8) 
and mature roots (220) without crowding due to small cell dimensions. 

30 As shown in figures 1-4A to 1-4C, seedling leaf size and leaf type (1 13) as it relates 

to mechanical transplanter requirements (102) to increase transplant yield (103) is a 
noteworthy aspect Seedling leaf size (1 14) is shown as a proportion to cell size (1 15) in 
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Figure MA. The leaf size (1 14) may be detemiined first by the genetics of the seedling. But 
the greenhouse operator may have influence on how the seedling natural genetics express 
them, so leaf size (1 14) can be influenced by the environment (1 05). The leaf size (1 14) must 
be large enough to support plant photosynthesis but small enough to allow the mechanical 
5 transplanter requirements (1 02) to be met without damaging the leaf. Leaf type, as shown in 
Figure 1-4B (116), may also be considered. Again the genetics of the seedlings may 
determine the seedling leaf type (1 1 6). Greenhouse operators have little influence onleaf type 
(1 14) through management of the environment (1 05); however, the leaf type (116) proportion 
to the cell size (115) may make a difference based on the mechanical transplanter 

10 requirements (1 02). Broad, wide leaves may, of course, need more space in the cell size (1 1 5) 
than narrow leaves. The mechanical transplanter requirements (102) may need to be matched 
with the cell size (1 1 5) to insure that the leaf size (114) and leaf type (1 1 6) are not damaged 
during the transfer process from small cell to larger container as shown m Figure 1-4C. 
Successful transfer with no damage may increase transplant yields (103). 

1 6 As with all aspects of this invention, the system and values used may be varied to suit 

the species and/or the transplant modality involved. Perhaps surprisingly interactions can 
exist. The leaf size of the propagule involved can impact the moisture uniformity involved. 
Regardless, a host of factors can be used. These may include a plant dimension value, a leaf 
dimension value, a ratio involving any factors, and combinations and permutations of any 

20 fectors. One factor of particular concern and mentioned earlier, is that of the leaf canopy area 
(the area underneath a perimeter shape of the leaves) relative to the transplant container. Here, 
it can be unportant to avoid leave overlap, and as such the system would include a leaf overlap 
avoidance matrix. This could be accomplished by container or web size alone to provide a 
leaf overlap avoidance matrix. Similarly, the propagule transplant container size to leaf area 

26 ratio may be at most about 1 : 1 , 2: 1 , or even 3:1. This may be appropriate for upright plant 
type leaf areas as well. The size of the container may also be selected to provide a leaf 
fit-through propagule transplant container size. 

Referring to figmre 1-5B, another important aspect of an embodiment is that optimum 
seedling development (1 17) be coordinated with the mechanical transplanter requirements 

30 (102) to achieve increased transplant yields (103) as shown in Figure 1-5B. Optimum 
seedling development (117) can be a combination of the relationship of root (118), stem (119), 
leaf (120) and cell size (115). Figure 1-5A in cross section shows the cell (121) with the 
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media (123). Roots (122) may need to fill the media (123) and cell (121) completely to 
protect the roots (122) during transfer fi:om the small cell to the larger container. Healthier 
and stronger root (122) systems may result m increased transplant yields (103). In an 
embodiment, the root (1 1 8) may not be so mature or heavy that it exceeds the capacity of the 
6 cell (121) by growing out the bottom or top. The media (122) may preferably be porous 
enough for adequate water drainage and to provide air to the roots (118), but not so course as 
to allow the plant (123) to dry out too quickly. The media (122) may completely fill the cell 
(121) without compaction or excessive fluffing. The plant (123) may also need to be sized 
proportionally to the cell (121). Too many leaves or too few leaves may affect the transfer 

10 firom the small cell to the larger container. The mechanical transplanter requirements (102) 
inay need to be matched to the plant (123) and root (118) and other factors to achieve 
increased transplant yields (103). Many factors can be considered, of course, including but 
not limited to the amount of light received, the specific fertilizers utilized, the amoimt of water 
received, the humidity involved, the temperature involved, the msects present in the 

1 5 environment, and fhe like. 

Another aspect of the invention as illustrated in figure 1-3 may be the ejffect of 
geography (124) and time of year (125) on both the seedling, environment (126) and 
transplanted seedling environment (127). Figure 1-3 shows that geography (124) could be 
factored into the seedling envbroimient (1 26) during the time before transplanting. Seedlings 

20 grown in at a different geography (124) may require different envuronments (1 05) to achieve 
optimum seedling development (1 17). Seedlings grown in more southern climates may, of 
course, require different environments (1 05) than seedlings grown in more northern climates. 
Geography (124) may also be important to the transplanted seedling environment (127). It 
is preferred that seedlings be acclimated to the geography (124) where they will be 

25 transplanted to increase transplant yields (103). Time of year (125) may also affect how the 
seedling environment (126) is managed. Summer versus winter may require different 
environments (105) to achieve optmumi seedling development (117). The transplanted 
seedling ©avironment (127) may change dependmg on the time of year (125), summer versus 
winter. As mentioned earlier, the location involved at any growth stage may be considered 

30 as well. As one example, the latitude mvolved at any growfli stage (e.g., where shipped &om 
or where shipped to, etc.) may provide an opportunity for a climate or even a light coordmated 
propagule transplant container size. More generically there may be a location coordinated 
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propagule transplant container size which takes into account a location factor criterion such 
as an initial growth location factor criterion, a secondary growth location factor criterion, or 
even a delivery location factor criterion. The location maturity may even be determined 
relative to some standard such, as a mid-latitude US transplant maturity. In this example, 
5 values such as about .8 of a typical mid-latitude US transplant maturity, about .9, about 1 .1, 
about 1.2, about 1 .3, about 1 .4, or even about 1 .5 may be used based on where the product is 
shipped, transplanted, or the like. A sunple table of values could even be used as part of the 
system to achieve an enhanced yield. 

As to each of the above, one or more adjustment factors may be used to address 

10 climatic, seasonal, or locational differences at anticipated time of delivery. Tailored values 
using a correction factor to any of the above possibilities may be used such as correction 
values of perhaps: about 1.0 for mid US temperate latitudes (i.e. no correction factor), about 
1 .0 for mid spring seasonal shipments (again, no correction factor), about 1. 1 or about 1 .2 for 
early spring seasonal shipments, about 1.3 or about 1.2 for colder more northern or 

15 mountainous latitudes or locations, about .90 or about .80 for more northem coastal locations, 
about 0.9 or about 0.8 for early summer seasonal shipments, about 1 .4 or about 1 .5 for winter 
seasonal shipments, and even about 0.9 or about 0.8 for southem US latitudes. 

Considering the aforementioned aspects, a variety of values may be used for fte ratios 
mentioned as well. Referring to figure MC, as but a few examples, some ratios of vertical 

20 cross section seedling leaf size (1 14) and type (116) (e.g., max or mean diameter) or area 
relative to cell (121) cross section size or area may include values such as: less than about 
1 .30, less than about 1.10, less than about 1 .0, less than about 0.95, less than about 0.90, and 
less than about 0.80. Additional ratios of "mature" (e.g., at time of transplanting) root (1 1 8) 
volume (measured with or without typical amounts of retained media (122)) to cell (121) 

25 volume may include values such as : less than about 90%, less than about 75%, less than about 
60%, less than about 50%, less than about 40%, and even less than about 30%. Additional 
rados of transplant age or size as compared to the corresponding age or size of a grown, 
usually flowering, plant may include values such as: less than about 25%, less than about 
20%, less than about 15%, less than about 10%, and even less than about 5%. 

30 As alluded to and as illustrated in figure 1-5B, in coordinating the transplanter head 

to the plant or cell (121) size, values may include some ratios of vertical cross section head 
size or area relative to cell (121) cross section size or area may include values such as: less 
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thaa about 70%, less than about 50%, less than about 33%, less than about 30%, less than 
about 25%, and even less than about 20%. Again, it should be understood that all these values 
may be furfher varied to coordmate to particular species and customers needs. A key aspect, 
however, is the possibility of now optimizing growing methods, environments, and devices 
5 to provide a more optimal yield for the grower. A plant punch element cross section to 
propagule transplant container size ratio of at most about 0.75:1,0.50:1,0.25:1 may be 
appropriate for some embodiments. Thus the system may present a plant punch type 
coordinated propagule transplant container size. 

Another aspect of an embodiment of the invention can be the ratio of the punch head 

10 to the seedling's cell dimensions. By increasing the size of the seedling's cell dimensions to 
allow for a more mature plant to be transferred to the new larger container or tray and by 
adjusting the physical size of the punch head, the correct ratio of punch head to cell dimension 
can be achieved. In one embodiment, this ratio may even be viewed as not being larger than 
30% of the cell dimension. It may even be as small as 15% of the cell dimension. Further, 

1 5 the ratio variance can be dependent on the requirements of the seedling based on the seedling 
genetics and the size of the cell dhnensions required to accommodate those seedling genetics 
to produce an optimxmi transplantable seedling. The smaller ratio of punch head to cell 
dimension can help to prevent the punch head from coming into direct contact with the 
seedling during the punch-down process. Yet, the punch head can also be designed to be 

20 sufiBcientiy large enough to insure complete extraction of the seedling as it is punched down 
into the new larger container or tray. This can reduce damage to leaves and stem resulting in 
a healthier seedling being transferred to the larger container and tray. This can resiilt in 
increased transplant yield and reduced production costs. 

Figure 4-3A to 4-3C illustrates another goal of the invention to eliminate the 

25 crushing or breakage of the seedling leaves (412) and stems (411) and the potential for 
compaction of tiie seedling roots (413). As shown in Figures 4-3 A to 4-3C, the punch head 

(414) can descend on the seedling where the punch head face (4 1 5) may come in contact with 
the seedling leaves (412) and seedling stem (41 1). Because the shape of the punch head face 

(415) may be a blunt convex shape, the seedling leaves (412) and seedling stem (411) may be 
30 gentiy moved to the side as the punch head (414) descends. Once the punch head (414) is 

fully in contact with the media (407), the punch head face (415) can put pressure on the media 
(407) without substantially penetrating the media (407) or damaging the seedling roots (413). 
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The seedling stem (41 1) and seedling leaves (412) are usually pliable enough for the punch 
head to move them gently with out breakage or crushing. This can increase transplant yields 
because seedlings are not damaged allowing insects and disease to enter and reduce seedling 
vigor. 

5 Earlier it was mentioned that the entire system may be coordinated with the stem or 

other growth events of the plant. The system may use a stem type coordinated propagule 
transplant container size, which takes into account the type of stem involved to make an 
appropriate transplant and growth event for such a consideration. In this regard it can be 
important to avoid the stem from stretching up and so there may be a stem stretch up 

10 avoidance factor considered. Similarly, there may be a leaf type coordinated propagule 
transplant container size, a sub-leaf micro environment control factor, a shade coordinated 
propagule transplant container size or other element, a time of year size or other element, a 
growing season factor, an amount of time allotted for growth factor, a leaf type factor, a stem 
type fector, and even a root type factor. 

15 The system may also provide for events which are selected to allow the plant to be 

better conditioned to withstand the stress of transplantation. This may be accomplished not 
only by growing in an appropriate environment but also by preconditioning the plant. For 
example, tiie system may provide for subjecting juvenile plantlets or other stages to new 
environments prior to transplanting or as an event of pre-transplant conditioning. This new 

20 environment could be gently provided and could even be accomplished as or before a 
pre-transplant shipping event. If shipping were the event to be considered, the system could 
be designed for transplanting at a time selected from at least about 2, 3, 5, or even 7 days after 
the shipping occurred so that the plant would have had an opportunity to be adequately 
recovered from that stress. 

26 Moisture can be an important factor. Through container size or otherwise, the designs 

or components c an establish any moisture deficit areas away from a root. Thus merely a larger 
cross sectional area may be used as a moisture coordinated propagule transplant container 
size. The container edge moisture coordinated propagule transplant contamer size may allow 
that dry areas are somewhat assured as being away from the roots involved. Thus there can 

30 be considered to exist a moisture deficit area coordinated propagule transplant container size. 
This can serve as a media dry-out avoidance factor. 

The aspect of waste due to uncoordinated sizes and left over plantlets is one that can 
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30 be considered to exist a moisture deficit area coordinated propagule transplant container size. 
This can serve as a media dry-out avoidance factor. 

The aspect of waste due to uncoordinated sizes and left over plantlets is one that can 
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be easily solved by providing ratios that are appropriate to the overall system. A coordinated 
number propagule transplant container matrix and coordmated number adolescent plant 
container matrix are ones that when used do not result in a left over amount of plantlets. By 
having an even division with no decimals or remainders, such unnecessary waste can be 
6 avoided. Thus the entire system can include a coordmated number propagule transplant 
container matrix and a coordmated number adolescent plant container matrix. By improving 
the ratio of seedling tray individual cells to larger container individual cells there may be no 
leftover seedlings after the larger trays have been transplanted. This improved ratio may also 
prevent empty cells in the larger containers or trays due to lack of seedlings available to be 

10 punched down because the seedling tray is empty. 

By punching down multiple seedling trays into multiple larger containers or trays, efficiency 
can be increased by 2 or 3 or 4 or more times per single punch-down action. This can prevent 
greenhouse operators fi"om needing to transplant leftover seedlings by hand which is labor 
intensive and therefore e3q)ensive. It can also prevent greenhouse operators from needing to 

15 patch large containers or tmys that have empty cells because no seedling was punched into 
them. Finally the improvement in efBciency of 2 or 3 times may reduce production costs. All 
this is illustrated in figures 2-5 A to 2-5B which show this relationship and the multiplying 
factor of seedling trays to finished containers. The seedling tray individual cell number (221) 
may be divisible by the larger container cell number (222) in an even number (227) (without 

20 a remainder/decimal). This ratio of seedling cells to larger container cells (223) can be 
achieved by both or either increasmg or decreasing the seedling tray individual cell nimiber 
(221) or by both or either increasing or decreasing the larger container cell number (222). 
This may also be accomplished by increasing the number of trays being transplanted at one 
time. 

25 Instead of a single seedling tray, multiple seedling trays may be used to transplant 

seedlings from. This may increase the efficiency of the transplanter by increasing the number 
of trays being transplanted with a single motion as shown in Figure 2-6. Multiple seedling 
trays (224) may be put through the transplanter (26) at the same time to achieve the correct 
multiple based on the large container tray (225). This can eliminate "left-over" seedlings due 

30 toincorrectmultiples. And can improve the efficiency ofthe transplanter (226). Figures4-4A 
to 4-4B also show this relationship and the multiplying factor of seedling trays to finished 
containers. The seedling tray individual cell number (416) may be divisible by the larger 
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container cell number (417) in an even number (418) (without a remainder/decimal). This 
ratio of seedling cells to larger container cells (419) can be achieved by both or either 
increasing or decreasing the seedling tray individual cell number (416) or by both or either 
increasing or decreasing the larger container cell number (417). This may also be 
5 accomplished by increasing the number of trays being transplanted at one time. Instead of a 
single seedling tray, multiple seedling trays may be used to transplant seedlings from. This 
can increase the efficiency of the transplanter by increasing the number of trays being 
transplanted with a single motion as shown in Figure 4-6. Multiple seedling trays (420) may 
be put through the transplanter (421) at the same time to achieve the correct multiple based 

10 on the large container tray (422). This can eliminate "left-over" seedlings due to incorrect 
multiples. And it may improve the efiSciency of the transplanter (421). The increase in 
efficiency can even be about 2-3 times. 

As can be easily understood from the foregoing, the basic concepts of the present 
invention may be embodied in a variety of ways. It involves both plant production techniques 

15 as well as devices to accomplish the appropriate production yields. In this application, the 
plant production techniques are disclosed as part of the results shown to be achieved by the 
various devices described and as steps which are inherent to utilization. They are simply the 
natural result of utilizing the devices as intended and described. In addition, while some 
devices are disclosed, it should be understood that these not only accomplish certain methods 

20 but also can be varied in a number of ways. Importantly, as to all of the foregoing, all of these 
facets should be understood to be encompassed by this disclosure. 

The discussion included in this patent is intended to serve as a basic description. The 
reader should be aware that the specific discussion may not explicitly describe all 
embodiments possible; many alternatives are implicit. It also may not fully explain the 

25 generic nature of the invention and may not explicitly show how each feature or element can 
actually be representative of a broader function or of a great variety of altemative or 
equivalent elements. Again, these are implicitly included m this disclosure. Where flie 
invention is described in method- or process-oriented terminology, each step is implicitly 
performed by a device or component. Importantly, neither the description nor the terminology 

30 is intended to limit the scope of the claims or scope of this patent. 

It should also be xmderstood that a variety of changes may be made without departing 
from the essence of the invention. Such changes are also implicitly included in the 
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description. They still fall within the scope of this invention. A broad disclosure 
encompassing both the explicit embodmimt(s) shown, the great variety of implicit alternative 
embodiments, and the broad methods or processes and the like are encompassed by this 
disclosure. 

5 Further, each of the various elements of the invention and clauns may also be achieved 

in a variety of manners. This disclosure should be understood to encompass each such 
variation, be it a variation of an embodiment of any apparatus embodiment, a method or 
process embodiment, or even merely a variation of any element of these. Particularly, it 
should be tmderstood that as the disclosure relates to elements of the invention, the words for 

10 each element may be expressed by equivalent apparatus terms or method terms - even if only 
the function or result is the same. Such equivalent, broader, or even more generic terms 
should be considered to be encompassed in the description of each element or action. Such 
terms can be substituted where desired to make explicit the implicitly broad coverage to which 
this invention is entitled. As but one example, it should be imderstood that all actions may 

15 be expressed as a means for taking that action or as an element which causes that action. 
Similarly, each physical element disclosed should be understood to encompass a disclosure 
of the action which that physical element facilitates. Regardhig this last aspect, as but one 
example, the disclosure of a "transplanter" should be understood to encompass disclosure of 
the act of "transplanting" — whether explicitly discussed or not — and, conversely, were there 

20 effectively disclosure of the act of "transplanting", such a disclosure should be understood to 
encompass disclosure of a "transplanter" and even a "means for transplanting" . Such changes 
and altemative terms are to be imderstood to be expUcitly included in the description. 

Any patents, publications, or other references mentioned in this application for patent 
are hereby incorporated by reference, including but not limited to the following listed 

25 references. As to any references, however, to the extent that such information or statements 
incorporated by reference might be considered inconsistent with the patenting of this/these 
invention(s) such statements are expressly not to be considered as made by the applicant(s). 
In addition, as to each term used it should be understood that unless its utilization in this 
application is inconsistent with such interpretation^ conunon dictionary definitions should be 

30 understood as incorporated for each term and all definitions, altemative terms, and synonyms 
such as contained in the Random House Webster's Unabridged Dictionary, second edition are 
hereby incorporated by reference. 
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The claims set forth in this specification by are hereby incorporated by reference as 
part of this description of the invention, and the applicant expressly reserves the right to use 
all of or a portion of such incorporated content of such claims as additional description to 
support any of or all of the claims or any element or component thereof, and the £^plicant 
5 further expressly reserves tiie right to move any portion of or all of the incorporated content 
of such claims or any element or component thereof from the description into the claims or 
vice-versa as necessary to define the matt^ for which protection is sought by this application ^ 
or by any subsequent continuation, division, or continuation-in-part application thereof, or to 
obtain any benefit of, reduction in fees pursuant to, or to comply with the patent laws, rules, 

10 or regulations of any country or treaty, and such content incorporated by reference shall 
survive during the entire pendency of this application including any subsequent continxiation, 
division, or continuation-in-part application thereof or any reissue or extention thereon. 

Thus, the applicant(s) should be understood to have support to claim at least: i) each 
of the plant production methods as herein disclosed and described, ii) the related devices 

1 5 disclosed and described, iii) similar, equivalent, and even implicit variations of each of these 
devices and methods, iv) those alternative designs which accomplish each of the fimctions 
shown as are disclosed and described, v) those alternative designs and methods which 
accomplish each of the functions shown as are implicit to accomplish that which is disclosed 
and described, vi) each feature, component, and step shown as separate and independent 

20 inventions, vii) the applications enhanced by the various systems or components disclosed, 
viii) the resulting products produced by such systems or components, ix) methods and 
apparatuses substantially as described hereinbefore and with reference to any of the 
accompanying examples, x) the various combinations and permutations of each of the 
elements disclosed, and xi) each dependent claim as a dependency on each and every one of 

25 the independent claims presented. In this regard it should be understood that for practical 
reasons and so as to avoid adding potentially hundreds of claims, the applicant has presented 
the claims with initial dependencies only. Support should be und^stood to exist to the degree 
required under new matter laws - mcluding but not lunited to European Patent Convention 
Article 123(2) and United States Patent Law 35 USC 132 or other such laws- to permit the 

30 addition of any of the various dependencies or other elements presented under one 
independent claim as dependencies or elements under any other independent claim. Further, 
as used, the use of the transitional phrase "comprising" is used to maintain the "open-end" 
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claims herein, according to traditional claim interpretation. Thus, unless the context requires 
otherwise, it should be understood that the term "comprise" or variations such as "comprises" 
or "comprising", are intended to imply the inclusion of a stated element or step or group of 
elements or steps but not the exclusion of any other element or step or group of elements or 
5 steps. Such terms should be interpreted in their most e3qpansive form so as to afford the 
applicant the broadest coverage legally pemussible. 
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VI. CLAIMS 
What is claimed is: 

1 . A method of cultivattog plants comprising the steps of: 

a. determining at least one externally manifested punch-transplant-specific 
morphological growth criterion appropriate to a given plant species and a given 
transplant modality and involving at least one yield sensitive criterion; 

b. placing growth media and a plurahty of propagnles for said plant species in a first 
matrix of area extravagant propagule transplant containers adapted to achieve an 
enhanced production yield which is statistically increased over a traditional transplant 
production yield for said species; 

c. intercoimecting said first matrix of propagule transplant containers by a substantially 
planar formable web; 

d. nurturing an initial growth of said propagules for said plant species in said first matrix 
of propagule transplant containers to create a first growth matrix of juvenile plantlets; 

e. establishing a matrix of iodivldual transplant cohesive uitermingled plant-media 
masses from a portion of said growth media and each of said juvenile plantlets; 

£ affirmatively establishing said at least one externally manifested 
punch-transplant-specific morphological growth criterion for a substantial portion of 
said plurality of juvenile plantlets while situated in said first matrix of propagule 
transplant containers; 

g. extruding a substantial portion of an individual transplant cohesive intermingled 
plant-media mass from a propagule transplant container at a time when said 
punch-transplant-specific growtti criterion is substantially established; 

h. inserting at least one individual transplant cohesive intermingled plant-media mass in 
an adolescent plant container immediately after extruding a substantial portion of an 
individxial transplant cohesive intermingled plant-media naass from said propagule 
transplant container; 

i. secondarily growing said juvenile plantlet in said adolescent plant container to create 
an adolescent plant; and 

j. achieving an enhanced production yield which is statistically increased over a 
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traditional transplant production yield for said species. 

2. A method of cultivating plants as described in claim 1 wherein said step of nurturing 
an initial growth of said propagules for said plant species comprises the step of 
utilizing a controlled environment and wherein said step of secondarily growing said 
juvenile plantlet in said adolescent plant container comprises the step of utilizing a 
controlled environment. 

3 . A method of cultivating plants as described in claim 2 wherein said step of extruding 
a substantial portion of an individual transplant cohesive intermingled plant-media 
mass comprises the step of simultaneously extruding a substantial portion of a 
plurality of individual transplant cohesive intermingled plant-media masses from a 
pliirality of prop^ule transplant containers in said first matrix of propagule transplant 
containers and wherein said step of inserting a plurality of individual transplant 
cohesive intermingled plant-media masses comprises the step of simultaneously 
inserting a plurality of individual transplant cohesive intermingled plant-media masses 
in said adolescent plant container matrix. 

4. A method of cultivating plants as described in claim 3 wherein said step of achieving 
an enhanced production yield which is statistically increased over a traditional 
transplant production yield for said species comprises the step of achieving a 
production yield selected from at least one of a group consisting of: 

greater than about an eighty-five percent production yield, 
greater than about an ninety percent production yield, and 
greater than about an ninety-five percent production yield. 

5 . A method of cultivating plants comprising the steps of: 

a. determming at least one growtii speed enhanced growth criterion appropriate to a 
given plant species and a given transplant modality and involving at least one yield 
sensitive criterion; 

b. placing growth media and a plurality of propagules for said plant species in a first 
matrix of area extravagant propagule transplant containers adapted to achieve an 
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enhanced production yield which is statistically increased over a traditional transplant 
production yield for said species; 

c. interconnecting said first matrix of propagule transplant containers by a substantially 
planar formable web; 

d. nurturing an initial growth of said propagules for said plant species in said first matrix 
of propagule transplant containers to create a first growth matrix of juvenile plantlets; 

e. establishing a matrix of individiial transplant cohesive intermingled plant-media 
masses fi-om a portion of said growth media and each of said juvenile plantlets; 

f. afifinnati vely establishing said at least one growth speed enhanced growth criterion for 
a substantial portion of said plurality of juvenile plantlets while situated in said first 
matrix of propagule transplant containers; 

g. extruding a substantial portion of an individual transplant cohesive intermingled 
plant-media mass fi:om a propagule transplant container at a time when said 
punch-transplant-optimized growth criterion is substantially established; 

h. inserting at least one individual transplant cohesive intermingled plant-media mass in 
an adolescent plant container immediately after extruding a substantial portion of an 
individual transplant cohesive intermingled plant-media mass from said propagule 
transplant container; 

i. secondarily growing said juvenile plantlet in said adolescent plant container to create 
an adolescent plant; and 

j. achieving an enhanced production yield which is statistically increased over a 
traditional transplant production yield for said species. 

6. A method of cultivating plants as described in claim 5 wherein said step of nurturing 
an initial growth of said propagules for said plant species comprises the step of 
utilizing a controlled environment and wherein said step of secondarily growmg said 
juvenile plantiet in said adolescent plant container comprises the step of utilizing a 
controlled environment 

7. A method of cultivating plants as described in claim 6 wherein said step of extruding 
a substantial portion of an individual transplant cohesive intermingled plant-media 
mass comprises the step of simultaneously extruding a substantial portion of a 
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plurality of individual transplant cohesive intermingled plant-media masses from a 
plurality of propagule transplant containers in said first matrix of propagule transplant 
containers and wherein said step of inserting a plurality of individual transplant 
cohesive intermingled plant-media masses comprises the step of simultaneously 
inserting aplurality of individual transplant cohesive intermingled plant-mediamasses 
in said adolescent plant container matrix. 

A method of cultivating plants as described in claim 4 or 7 wherein said step of 
affirmatively establishing said at least one morphological growth criterion comprises 
the step of establisliiag an optimized morphological growth criterion selected from at 
least one of a group consisting of: 
a species to propagule transplant container size ratio, 

a propagule transplant container density value of at most about 0.33 containers per 
square centimeter, 

a leaf area to propagule transplant container size ratio, 

a leaf area to propagule transplant container size ratio of at most about 1:1, 

a leaf area to propagule transplant container size ratio of at most about 2: 1, 

a leaf area to propagule transplant container size ratio of at most about 3:1, 

a species based leaf area to propagule transplant container size ratio, 

an upright plant type leaf area to propagule transplant container size ratio, 

an multi-branched plant type leaf area to propagule transplant container size ratio, 

a plant punch element cross section to propagule transplant container size ratio, 

a plant punch element cross section to propagule transplant container size ratio of at 

most about 0.75:1, 

a plant pimch element cross section to propagule transplant container size ratio of at 
most about 0.50:1, 

a plant punch element cross section to propagule transplant container size ratio of at 
most about 0.25:1, 

a moisture coordinated propagule transplant container size, 
a container edge moisture coordinated propagule transplant container size, 
a moisture deficit area coordinated propagiile transplant container size, 
a stem type coordinated propagule transplant container size, 
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a Stem stretch up avoidance factor, 

a leaf type coordinated propagule transplant container si2;e, 

a leaf overlap avoidance factor, 

a sub-leaf micro environment control factor, 

a shade coordinated propagule transplant container size, 

a media dry-out avoidance &ctor, 

a leaf fit-through propagule transplant container size, 

a root coordinated propagule transplant container size, 

a root disturbance avoidance propagule transplant container size, 

a propagule transplant container volxime to root volume ratio of at least about 5:1, 

a propagule transplant container volume to root volume ratio of at least about 3:1, 

a plant punch type coordinated propagule transplant container size, 

a plant punch size coordinated propagule transplant container size, 

a climate coordinated propagule transplant container size, 

a location coordinated propagule transplant container size, 

a location factor criterion, 

an initial growth location factor criterion, 

a secondary growth location &ctor criterion, 

a delivery location fector criterion, 

a location maturity of about .8 of a typical mid-latitude US transplant maturity, 
a location maturity of about .9 of a typical mid-latitude US transplant maturity, 
a location maturity of about 1.1 of a typical mid-latitude mid-spring planting US 
transplant maturity 

a location maturity of about 1.2 of a typical mid-latitude mid-spring planting US 
transplant maturity 

a location maturity of about 1.3 of a typical mid-latitude mid-spring planting US 
transplant maturity 

a location maturity of about 1.4 of a typical mid-latitude mid-spring plantmg US 
transplant maturity 

a location maturity of about 1.5 of a typical mid-latitude mid-spring planting US 
transplant maturity, 

a species coordinated propagule transplant container size, and 
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a season of transplant coordinated propagule transplant container size. 

9. A method of cultivating plants comprising the steps of: 

a. determining at least one externally manifested punch-transplant-specific 
morphological growth criterion Expropriate to a given plant species and a given 
transplant modality; 

b. placing growth media and a plurality of propagules for said plant species in a first 
matrix of propagule transplant containers; 

c. intercoimecting said first matrix of propagule. transplant containers by a substantially 
planar formable web; 

d. nurturing an initial growth of said propagules for said plant species in said first matrix 
of propagule transplant containers to create a first growth matrix of juvenile plantlets; 

e. establishing a matrix of individual transplant cohesive intermingled plant-media 
masses fi:om a portion of said growth media and each of said juvenile plantlets; 

f affirmatively establishing said at least one externally manifested 
punch-transplant-specific morphological growth criterion for a substantial portion of 
said plurality of juvenile plantlets while situated in said first matrix of propagule 
transplant containers; 

g. extruding a substantial portion of an individual transplant cohesive intermingled 
plant-media mass fi:om a propagule transplant container at a time when said 
punch-transplant-specific growth criterion is substantially established; 

h. inserting at least one individual transplant cohesive intermingled plant-media mass in 
an adolescent plant container immediately after extruding a substantial portion of an 
individual transplant cohesive intemungled plant-media mass from said propagule 
transplant container; and 

i. secondarily growing said juvenile plantlet in said adolescent plant container to create 
an adolescent plant. 

10. A method of cultivating plants as described in claim 9 wherein said step of inserting 
at least one individual transplant cohesive intermingled plant-media mass in an 
adolescent plant container immediately after extruding a substantial portion of an 
individual transplant cohesive intermingled plant-media mass £x)m said propagule 
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transplant container comprises the step of continuately inserting at least one individual 
tran^lant cohesive intermingled plant-media mass in an adolescent plant container 
immediately after extruding a substantial portion of an individual transplant cohesive 
intermingled plant-media mass from said propagule transplant container. 

5 11. A method of cultivating plants as described in claim 1 0 and further comprising the 
step of close tolerance positioning said adolescent plant container with respect to said 
first growth matrix of juvenile plantiets prior to accomplishing said step of inserting 
at least one individual transplant cohesive intermingled plant-media mass in said 
adolescent plant container. 

10 12. . A method of cultivating plants as described in claim 9 wherein said step of nurturing 
an initial growth of said propagules for said plant species in said first matrix of 
propagule transplant containers to create a first growth matrix of juvenile plantiets 
comprises the step of utilizing a controlled environment and wherein said step of 
secondarily growing said juvenile plantiet in said adolescent plant container to create 

15 an adolescent plant comprises the step of utilizing a controlled environment. 

13. A method of cultivating plants as described in claim 12 and further comprising the 
step of subjecting said juvenile plantiets to a new environment prior to accomplishing 
the step of extruding a substantial portion of an individual transplant cohesive 
intermingled plant-media mass from a propagule transplant container. 

20 14. A method of cultivating plants as described in claim 12 and fiirther comprising the 
step of pre-transplant conditioning said juvenile plantiets to a new envkonment prior 
to accomplishing said step of extruding a substantial portion of an individual 
transplant cohesive intermingled plant-media mass from said propagule transplant 
container. 

25 15. A method of cultivating plants as described in claim 12 and further comprising the 
step of transplanting said juvenile plantiets at a time selected firom at least one of a 
group consisting of: 
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at least about 2 days after accomplishing said step of pre-transplant shipping, 
at least about 3 days after accomplishing said step of pre-transplant shipping, 
at least about 5 days after accomplishing said step of pre-transplant shipping, and 
at least about 7 days after accomplishing said step of pre-transplant shipping. 

16. A method of cultivating plants as described in claim 9 wherein said step of inserting 
said at least one individual transplant cohesive intermingled plant-media mass in an 
adolescent plant container comprises the step of inserting a plurality of individual 
transplant cohesive intermingled plant-media masses in an adolescent plant container 
matrix. 

17. A method of cultivating plants as described in claim 1 6 wherein said step of extruding 
a substantial portion of an individual transplant cohesive intermingled plant-media 
mass from a propagule transplant contains comprises the step of simultaneously 
extruding a substantial portion of a plurality of individual transplant cohesive 
intermingled plant-media masses from a plurality of propagule transplant containers 
in said first matrix of propagule transplant containers and wherein said step of 
inserting aplurality of individual transplant cohesive intermingled plant-media masses 
in an adolescent plant container matrix comprises the step of simultaneously inserting 
a plurality of individual transplant cohesive intermingled plant-media masses in said 
adolescent plant container matrix. 

18. A method of cultivating plants as described in claim 9 wherein said step of 
determining at least one externally manifested punch-transplant-specific 
morphological growth criterion comprises the step of utilizing multifactorial 
punch-transplant-specific morphological growth criterion appropriate to a given plant 
species and a given transplant modality. 

19. A method of cultivating plants as described in claim 1 8 wherein said step of utilizing 
multifactorial punch-transplant-specific morphological growth criterion appropriate 
to a given plant species and a given transplant modality comprises the step of selecting 
yield maximization effects involving said multifactorial punch-transplant-specific 
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morphological growth criterion. 

20. A method of cultivatmg plants as described in claim 19 wherein said step of selecting 

yield maximization effects involving said multifactorial pnnch-transplant-specific 

morphological growth criterion comprises the step of selecting a plurality of yield 
5 maximization effects involving at least one of a group of &ctors consisting of: 

the amount of light received, 

the specific fertilizers utilized, 

the amount of water received, 

the humidity involved, 
10 - the temperature involved, 

the insects present in the enviromnent, 

the location involved at any growth stage, 

the latitude involved at any growth stage, 

the time of year involved at any growth stage, 
15 - the growing season, 

the amount of time allotted for growth, 
' the plant development stage at transplant, 

any specific growth environment involved, 

the planned time of transplant, 
20 - the transplant environment utilized, 

the transplant procedures utilized, 

the transplant device utilized, 

the seedling environment utilized, 

the leaf type of the species involved, ^ 
25 - the stem type of the species involved, 

the root type of the species involved, 

the propagule transplant container size utilized, 

the leaf size of the propagule involved the moisture uniformity involved, 

a ratio involving any of the foregoing factors, 
30 - all combinations of any of the forgoing factors, 

and all permutations of any of the foregoing factors. 
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21. A method of cultivating plants as described in claim 9 wherein said step of 
determining at least one externally manifested punch-transplant-specific 
morphological growth criterion comprises the step of coordinating at least one 
transplant system aspect with at least one externally manifested 
punch-transplant-specific morphological growth criterion. 

22. A method of cultivating plants as described in claim 21 wherein said step of 
coordinating at least one transplant system aspect with at least one externally 
manifested pxmch-transplant-specific morphological growth criterion comprises the 
step of considering specific mechanical actions of said transplant system in 
determining a stage of development at which said plantlet is extruded firom said 
propagule transplant container. 

23. A method of cultivating plants as described in claim 21 wherein said step of 
coordinating at least one transplant system aspect with at least one externally 
manifested punch-transplant-specific morphological growth criterion comprises the 
step of relating a transplant system dimension to a propagule transplant container size 
value. 

24. A method of cultivating plants as described in claim 21 wherein said step of 
coordinating at least one transplant system aspect with at least one externally 
manifested punch-transplant-specific morphological growth criterion comprises the 
step of optimizing the average development stage of said propagules at the time of 
transplant for a transplant system being utilized. 

25. A method of cultivating plants as described in claim 24 wherein said step of 
optimizing the average development stage of said propagules at the time of transplant 
for a transplant system bemg utilized comprises the step of relating said average 
development stage of said propagules to factors selected fi-om at least one of a group 
consisting of: 

a propagule transplant container dimension value, 
a plant punch element dimension value. 
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a plant dimension value, 

a leaf dim^ion valiie, 

a ratio involving any of the foregoing factors, 

all combinations of any of the forgoing factors, and 

all permutations of any of the foregoing factors. 

26. A method of cultivating plants as described in claim 9 wherein said step of 
determining at least one externally manifested punch-transplant-specific 
morphological grpwth criterion comprises the step of selectmg an apparent maturity 
factor from at least one of a group consisting of: 

an average development of about 100 percent of a mature development, 
an average development of about 95 percent of a mature development, 
an average development of about 85 percent of a mature development, 
an average development of about 75 percent of a mature development, 
an average development of about 65 percent of a mature development, 
an average development of about 30 percent of a mature development, 
an average development of about 20 percent of a mature development, 
an average development of about 1 0 percent of a mature development, and 
an average development of about 5 percent of a mature development 

27. A method of cultivating plants as described in claim 26 wherein said step of selecting 
an apparent maturity factor comprises the step of estimating said apparent maturity 
factor by utilizing a time of growth for transplant 

28. A method of cultivating plants as described in claim 9 wherein said step of 
determining at least one externally manifested punch-transplant-specific 
morphological growth criterion comprises the step of utilizing at least one highly yield 
sensitive criterion and fiirther comprising the step of achieving an enhanced 
production yield which is statistically increased over a traditional transplant 
production yield for said species. 



29. A method of cultivating plants as described in claim 28 wherein said step of achieving 
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an enhanced production yield which is statistically increased over a traditional 
transplant production yield for said species comprises the step of achieving a 
production jdeld selected from at least one of a group consisting of: 
greater than about an eighty-five percent production yield, 
greater than about an ninety percent production yield, and 
greater than about an ninety-five percent production yield. 

30. A method of cultivating plants as described in claim 9 wherein said step of 
affirmatively establishing said at least one externally manifested 
punch-transplant-specific morphological growth criterion comprises the step of 
precisely establishing a specific-tray optimized morphological growth criterion. 

31. A method of cultivatmg plants as described m claim 9 wherein said step of 
affirmatively establishing said at least one externally manifested 
punch-transplant-specific moxphological growth criterion comprises the step of 
establishing an optimized morphological growth criterion selected from at least one 
of a group consisting of: 

a species to propagule transplant container size ratio, 

a propagule transplant container density value of at most about 0.33 containers per 
square centimeter, 

a leaf area to propagule transplant container size ratio, 

a leaf area to propagule transplant container size ratio of at most about 1:1, 

a leaf area to propagule transplant container size ratio of at most about 2: 1 , 

a leaf area to propagule transplant container size ratio of at most about 3:1, 

a species based leaf area to propagxile transplant container size ratio, 

an upright plant type leaf area to propagule transplant contauier size ratio, 

an multi-branched plant type leaf area to propagule transplant container size ratio, 

a plant punch element cross section to propagule transplant container size ratio, 

a plant punch element cross section to propagule transplant container size ratio of at 

most about 0.75:1, 

a plant punch element cross section to propagule transplant container size ratio of at 
most about 0.50:1, 

50 



wo 02/058455 



PCT/US02/02257 



a plant punch element cross section to propagule transplant container size ratio of at 
most about 0.25:1, 

a moisture coordinated propagule transplant container size, 

a container edge moisture coordinated propagule transplant container size, 

a moisture deficit area coordinated propagule transplant container size, 

a stem type coordinated propagule transplant container size, 

a stem stretch up avoidance factor, 

a leaf type coordinated propagule transplant container size, 

a leaf overlap avoidance factor, 

a sub-leaf micro environment control factor, 

a shade coordinated propagule transplant container size, 

a media dry-out avoidance fector, 

a leaf fit-through propagule transplant container size, 

a root coordinated propagule transplant container size, 

a root disturbance avoidance propagule transplant container size, 

a propagule transplant container volume to root volume ratio of at least about 5:1, 

a propagule transplant container volume to root volume ratio of at least about 3:1, 

a plant punch type coordinated propagule transplant container size, 

a plant punch size coordinated propagule transplant container size, 

a climate coordinated propagule transplant container size, 

a location coordinated propagule transplant container size, 

a location factor criterion, 

an initial growth location factor criterion, 

a secondary growth location factor criterion, 

a delivery location factor criterion, 

a location maturity of about .8 of a typical mid-latitude US transplant maturity, 
a location maturity of about .9 of a typical mid-latitude US transplant maturity, 
a location maturity of about 1.1 of a typical mid-latitude mid-spring planting US 
transplant maturity 

a location maturity of about 1.2 of a typical mid-latitude mid-spring planting US 

transplant maturity 

a location maturity of about 1.3 of a typical mid-latitude mid-spring planting US 
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transplant maturity 

a location maturity of about 1.4 of a typical mid-latitude mid-spring planting US 
transplant maturity 

a location maturity of about 1.5 of a typical mid-latitude mid-spring planting US 
transplant maturity, 

a species coordinated propagule transplant container size, and 

a season of transplant coordinated propagule transplant container size. 

32. A method of cultivating plants as described in claim 9 wherein said step of 
affirmatively establishing said at least one externally manifested 
punch-transplant-specific morphological growth criterion comprises the step of 
establishing any moisture deficit areas avray from a root of said propagule. 

33. A plant development transplant system comprising: 

a. a punch-transplant-specific morphological growth criterion supportive element which 
is appropriate to a given plant species and a given transplant modality; 

b. a matrix of propagule transplant containers within which plant growth is impacted by 
said punch-transplant-spectfic morphological growth criterion supportive element; 

c. a substantially planar formable web interconnecting said matrix of propagule 
tr^splant containers; 

d. a yieldable exit element established on a bottom of a plurality of said propagule 
transplant containers; 

e. a growth medium contained by said plurality of propagule transplant containers; and 
f a plurality of plant propagules of said species contained within said propagule 

transplant containers and responsive to said growth medium. 

34. A plant transplant system as described in claim 33 and further comprising an 
automatic transplant system to which said plurality of plant propagules are responsive. 

35. A plant transplant system as described in claim 34 wherein said automatic transplant 
system comprises a continuate insert system. 
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36. A plant transplant system as described in claim 35 wherein said automatic transplant 
system further comprises: 

a. apropagule transplant container matrix guide coordinated with a matrix of propagule 
transplant containers; and 

b. a close tolerance adolescent plant contamer matrix guide situated in close proximity 
and parallel to at least a portion of said propagule transplant container matrix guide. 

37. A plant transplant system as described in claim 36 and further comprising a plurality 
of adolescent plant containers into which said plants are transplanted and wherein said 
matrix of propagule transplant containers and said plurality of adolescent plant 
containers are each adapted for use in a controlled growth enviromnent 

38. • A plant transplant system as described in claim 37 and further comprising an new 

growth environment element vAiich unpacts said plurality of plant propagules while 
contained within said propagide transplant containers. 

39. A plant transplant system as described in claun 37 and further comprising a 
pre-transplant conditioning element which impacts said plurality of plant propagules 
while contained within said propagule transplant containers. 

40. A plant transplant system as described in claim 37 wherein said plurality of adolescent 
plant containers comprises an adolescent plant container matrix. 

41. A plant transplant system as described m claim 40 wherein said automatic transplant 
system further comprises: 

a. a simultaneous extrusion system coordiaated with a matrix of propagule transplant 
containers; and 

b. a simultaneous insertion system coordinated with a plurality of adolescent plant 
containers. 



42. A plant transplant system as described in claim 33 wherein said 

53 



wo 02/058455 



PCTAJS02/02257 



punch-transplant-specific morphological growth criterion supportive element 
comprises a multifactorial punch-transplant-specific morphological growth element 
appropriate to a given plant species and a given transplant modality. 

43. A plant transplant system as described in claim 42 wherein said multifactorial 
5 punch-transplant-specific morphological growth elemmt achieves a yield 

maximdzation effect involving at least one of a group of factors consisting of: 

the amount of light received, 

the specific fertilizers utilized, 

the amoxmt of water received, 
1 0 - the humidity involved, 

the temperature involved, 

the insects present in the enviroiraient, 

the location involved at any growth stage, 

the latitude involved at any growth stage, 
1 5 - the time of year involved at any growth stage, 

the growing season, 

the amount of time allotted for growth, 

the plant development stage at transplant, 

any specific growth environment involved, 
20 - the planned time of transplant, 

the transplant environment utilized, 

the transplant procedures utilized, 

the transplant device utilized, 

the seedling environment utilized, 
25 - the leaf type of ttie species involved, 

the stem type of the species involved, 

the root type of the species involved, 

the propagule transplant container size utilized, 

the leaf size of tihie propagule involved the moisture unifomrity involved, 
30 - a ratio involving any of the foregoing factors, 

all combinations of any of the forgoing factors, 
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and all pennutations of any of the foregoing factors. 

44. A plant transplant system as described in claim 33 wherein said 
punch-transplant-specific morphological growth criterion supportive element 
comprises an automatic transplant system aspect coordination element. 

45. A plant transplant system as described in claim 33 wherein said 
punch-transplant-specific morphological growth criterion supportive element 
comprises an automatic transplanter system dimension to propagule transplant 
container size relation establishment element 

46. A plant transplant system as described in claim 33 wherein said propagule transplant 
containers comprise a yield enhanced subdued density matrix which achieves an 
enhanced production yield that is statistically increased over a traditional transplant 
production yield for said species. 

47. A plant transplant system as described in claim 46 wherein said yield enhanced 
subdued density matrix comprises a yield enhanced subdued density noiatrix selected 
from at least one of a group consisting of: 

a greater than about an eighty-five percent production )deld subdued density matrix, 
greater than about an ninety percent production yield subdued density matrix, and 
greater than about an ninety-five percent production yield subdued density matrix. 

48. A plant transplant system as described in claim 46 or 47 wherein said subdued density 
matrix has a density ad^ted to achieve an optimized morphological grov\^ criterion 
selected from at least one of a group consisting of: 

a species to propagule transplant container size ratio, 

a propagule transplant container density value of at most about 0.33 containers per 
square centimeter, 

a leaf area to propagule transplant container size ratio, 

a leaf area to propagule transplant container size ratio of at most about 1:1, 

a leaf area to propagule transplant container size ratio of at most about 2: 1, 
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a leaf area to propagule transplant container size ratio of at most about 3:1, 

a species based leaf area to propagule transplant container size ratio, 

an upright plant type leaf area to propagule transplant container size ratio, 

an miilti-branched plant type leaf area to propagule transplant container size ratio, 

a plant punch element cross section to propagule transplant container size mtio, 

a plant punch element cross section to propagule transplant container size ratio of at 

most about 0.75:1, 

a plant punch element cross section to propagule transplant container size ratio of at 
most about 0.50:1, 

a plant punch element cross section to propagule transplant container size ratio of at 
most about 0.25:1, 

a moisture coordinated propagule transplant container size, 

a container edge moisture coordinated propagule transplant container size, 

a moisture deficit area coordinated propagule transplant container size, 

a stem type coordinated propagule transplant container size, 

a stem stretch up avoidance factor, 

a leaf type coordinated propagule transplant container size, 

a leaf overlap avoidance factor, 

a sub-leaf micro environment control factor, 

a shade coordinated propagule transplant container size, 

a media dry-out avoidance factor, 

a leaf fit-through propagule transplant container size, 

a root coordinated propagule transplant container size, 

a root disturbance avoidance propagule transplant container size, 

a propagule transplant container volume to root volume ratio of at least about 5:1, 

a propagule transplant container volume to root volume ratio of at least about 3:1, 

a plant punch type coordinated propagule transplant container size, 

a plant pimch size coordinated propagule transplant container size, 

a clicDtate coordinated propagule transplant container size, 

a Ideation coordinated propagule transplant container size, 

a location factor criterion, 

an initial growth location factor criterion, 
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a secondary growth location &ctor criterion, 
a delivery location fiictor criterion, 

a location maturity of about .8 of a typical mid-latitude US transplant maturity, 
a location maturity of about .9 of a typical mid-latitude US transplant maturity, 
a location maturity of about 1.1 of a typical mid-latitude mid-spring planting US 
transplant maturity 

a location maturity of about 1.2 of a typical mid-latitude mid-spring planting US 
transplant maturity 

a location maturity of about 1.3 of a typical mid-latitude mid-spring planting US 
transplant maturity 

a location maturity of about 1.4 of a typical mid-latitude mid-spring planting US 
transplant maturity 

a location maturity of about 1.5 of a typical mid-latitude mid-spring planting US 
transplant maturity, 

a species coordinated propagule transplant container size, and 

a season of transplant coordinated propagule transplant container size. 

49. A plant transplant system as described in claim 33 wherein said 
punch-transplant-specific morphological growth criterion supportive element 
comprises an moisture deficit area coordinated propagule transplant container. 

50. A plant development transplant system comprising: 

a. a subdued density matrix of propagule transplant containers arranged in a rectilinear 
matrix, each propagule transplant container having a cross sectional area, a bottom, 
and having exterior dimensions; 

b. a substantially planar formable web interconnecting said subdued density matrix of 
propagule transplant containers; 

c. a yieldable exit element established on said bottom of a plurality of said propagule 
transplant containers; 

d. a growth medium contained by said plurality of propagule transplant containers; and 

e. a plurality of plant propagules contained within said propagule transplant containers 
and responsive to said growth medium. 
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51. A plant development transplant system as described in claim 50 wherein said subdued 
density matrix of propagule transplant containers comprises a propagule transplant 
container density value of at most about 0.33 containers per square centimeter. 

52. A plant development transplant system as descaibed in claim 50 or 51 wherein said 
substantially planar formable web intercoimecting said subdued density matrix of 
propagule transplant containers comprises an excess web area matrix. 

53. A plant development transplant system as described in claim 50 or 52 wherein said 
subdued density matrix of propagule transplant containers comprises a leaf overlap 
avoidance matrix. 

54. A method of cultivating plants comprising the steps of: 

a. establishing a subdued density matrix of propagule transplant containers arranged in 
a rectilinear matrix, each propagule transplant container having a cross sectional area, 
a bottom, and having exterior dimensions; 

b. placing growth media and a plurality of propagules for said plant species in said 
propagule transplant containers; 

c. intercoimecting said subdued density matrix of propagule transplant containers by a 
substantially planar formable web; 

d. nurturing an initial growth of said propagules for said plant species in said first matrix 
of propagule transplant containers to create a first growth matrix of juvenile plantlets; 

e. establishing a matrix of individual transplant cohesive intermingled plant-media 
masses fi'om a portion of said growth media and each of said juvenile plantlets; 

f. extruding a substantial portion of an individual transplant cohesive intermingled 
plant-media mass from a propagule transplant container; 

g. inserting at least one individual transplant cohesive intermingled plant-media mass in 
an adolescent plant container immediately after extruding a substantial portion of an 
individual transplant cohesive intermingled plant-media mass firom said propagule 
transplant container; and 

h. secondarily growiag said juvenile plantlet in said adolescent plant container to create 
an adolescent plant. 
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55. A method of cultivating plants as described in claim 54 wherein said step of 
establishing a subdued density matrix of propagule transplant contamers comprises the 
step of establishing a propagule transplant container density value of at most about 
0.33 containers per square centimeter. 

56. A method of cultivating plants as described in claim 54 or 55 wherein said step of 
interconnecting said subdued density matrix of propagule transplant containers by a 
substantially planar formable web comprises the step of utilizing an excess web area 
matrix. 

57. A method of cultivating plants as described in claim 52 or 54 wherein said step of 
establishing a subdued density matrix of propagule transplant containers comprises the 
step of establishing a leaf overlap avoidance matrix. 

58. A plant development transplant system comprising: 

a. a matrix of area extravagant propagule transplant containers arranged in a rectilinear 
matrix, each propagule transplant container having an extravagant cross sectional area 
relative to a transplant stage plantiet of a species, a bottom, and having exterior 
dimensions; 

b. a substantially planar formable web interconnecting said matrix of area extravagant 
propagule transplant containers; 

c. a yieldable exit element established on said bottom of a plurality of said area 
extravagant propagule transplant containers; 

d. a growth medium contained by said plinrality of area extravagant propagule transplant 
containers; and 

e. a plurality of plant propagules of said species contained within said area extravagant 
propagule transplant containers and responsive to said growth mediuno. 

59. A plant development transplant system as described in claim 58 wherein each said 
propagule transplant container comprises a propagule transplant container having an 
area of at least about 1.95 cm^. 
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60. A plant development transplant system as described in claim 58 wherein each said 
propagule transplant container comprises a leaf canopy area transplant container. 

61 . A plant development transplant system as described in claim 58 ^vs^erein each said 
propagule transplant container comprises an excess root area transplant container. 

6 62. A plant development transplant system as described in claim 58 wherein each said 
propagule transplant container comprises a post transplant growth sized container. 

63. A plant development transplant 3ystem comprising: 

a. a matrix of volume extravagant prop^;ule transplant containers arranged in a 
rectilinear matrix, each propagule transplant container having an extravagant volxime 

10 relative to a transplant stage plantlet of a species, a bottom, and having exterior 

dimensions; 

b. a substantially planar formable web interconnecting said matrix of area extravagant 
propagule transplant containers; 

c. a yieldable exit element established on said bottom of a plurality of said area 
1 5 extravagant propagule transplant containers; 

d. a growth medium contained by said plurality of area extravagant propagule transplant 
containers; and 

e. a plurality of plant propagules of said species contained within said volume 
extravagant propagule transplant containers and responsive to said growth medium. 

20 64. A plant development transplant system as described in claim 63 wherein each said 
propagule transplant container comprises a propagule transplant container having a 
volume of at least about 3 cm^ 

65. A plant development transplant system as described in claim 63 wherein each said 
propagule transplant container comprises an excess root volume container. 

25 66. A method of cultivating plants comprising the steps of. 

a. establishing a matrix of area extravagant propagule transplant containers arranged in 
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a rectilinear matrix, each propagule transplant container having an extravagant cross 
sectional area relative to a transplant stage plantlet of a species, a bottom, and having 
exterior dimensions; 

b. placing growth media and a plurality of propagules for said plant species in said 
5 propagule tran^lant containers; 

c. intercoimecting saidpropagule transplant containers by a substantially planar formable 
web; 

d. nurturing an initial growth of said propagules for said plant species in said jSrst matrix 
of propagule transplant containers to create a first growth matrix of juvenile plantlets; 

10 e. establishiug a matrix of individual transplant cohesive intermingled plant-media 
masses from a portion of said growth media and each of said juvenile plantlets; 
f extruding a substantial portion of an individual transplant cohesive intermingled 
plant-media mass from a propagule transplant container; 

g. inserting at least one individual transplant cohesive intermingled plant-media mass in 
15 an adolescent plant container inunediately after extruding a substantial portion of an 

individual transplant cohesive intermingled plant-media mass from said propagule 
transplant container; and 

h. secondarily growing said juvenile plantlet in said adolescent plant container to create 
an adolescent plant. 

20 67. A method of cultivating plants as described in claim 66 wherein said step of 
establishing a matrix of area extravagant propagule transplant containers comprises 
the step of estabUshing propagule transplant containers having an area of at least about 
1.95 square centimeters. 

68. A method of cultivating plants as described in claim 66 wherein said step of 
25 establishing a matrix of area extravagant propagule transplant containers comprises 

the step of utilizing a plurality of leaf canopy area transplant containers. 

69. A method of cultivating plants as described in claim 66 wherein said step of 
establishing a matrix of area extravagant propagule transplant containers comprises 
the step of utilizing a plurality of excess root area transplant containers. 
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70. A method of cultivating plants as described in claim 66 wherein said step of 
establishing a matrix of area extravagant propagule transplant containers comprises 
the step of utilizing a plurality of post transplant growth sized containers. 

71. A method of cultivating plants comprising the steps of: 

a. establishing a matrix of volume extravagant propagule transplant containers arranged 
in a rectilinear matrix, each propagule transplant container having an extravagant 
volxmie relative to a transplant stage plantlet of a species, a bottom, and having 
exterior dimensions; 

b. placing growth media and a plurality of propagules for said plant species in said 
propagule transplant containers; 

c. interconnecting said propagule transplant containers by a substantially planar formable 
web; 

d. nurturing an initial growth of said propagules for said plant species in said first matrix 
of propagule transplant containers to create a first growth matrix of juvenile plantiets; 

e. establishing a matrix of individual transplant cohesive intermingled plant-media 
masses from a portion of said growth media and each of said juvenile plantiets; 

f extruding a substantial portion of an individual transplant cohesive intermingled 
plant-media mass from a propagule transplant container; 

g. inserting at least one individual transplant cohesive intermingled plant-media mass in 
an adolescent plant container immediately after extruding a substantial portion of an 
individual transplant cohesive intermingled plant-media mass from said propagule 
transplant container; and 

h. secondarily growing said juvenile plantiet in said adolescent plant container to create 
an adolescent plant. 

72. A method of cultivating plants as described in claim 71 wherein said step of 
establishinganiatrix of volume extravagant propagule transplant containers comprises 
the step of establishing propagule transplant containers having a volume of at least 
about 3 cubic centimeters. 



73. 



A method of cultivating plants as described in claim 71 wherein said step of 
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establishing a matrix of volume extravagant piopagule transplant containers comprises 
the step of utilizing a plurality of excess root volume containers. 

74. A method of cultivating plants comprising the steps of: 

a. determining at least one punch-transplant-optimized morphological growth criterion 
appropriate to a given plant species and a given transplant modality; 

b. placing growth media and a plurality of propagules for said plant species in a first 
matrix of propagule transplant containers; 

c. interconnecting said first matrix of propagule transplant containers by a substantially 
planar formable web; 

d. nurturing an initial growth of said propagules for said plant species in said first matrix 
of propagule transplant containers to create a first growth matrix of juvenile plantlets; 

e. establishing a matrix of individual transplant cohesive intermingled plant-media 
masses firom a portion of said growth media and each of said juvenile plantlets; 

£ aflBnnatively establishing said at least one punch-transplant-optimizedmoiphological 
growth criterionfor a substantial portion of said plurality of juvenile plantlets while 
situated in said first matrix of propagule transplant containers; 

g. extruding a substantial portion of an individual transplant cohesive intermingled 
plant-media mass from a propagule transplant container at a time when said 
punch-transplant-specific growth criterion is substantially established; 

h. inserting at least one individual transplant cohesive intermingled plant-media mass in 
an adolescent plant container immediately after extruding a substantial portion of an 
individual transplant cohesive intermingled plant-media mass from said propagule 
transplant container; and 

i. secondarily growing said juvenile plantlet in said adolescent plant container to create 
an adolescent plant 

75. A method of cultivating plants as described ui claim 74 wherein said step of 
afBrmatively establishing said at least one pimch-transplant-optimized morphological 
growth criterion for a substantial portion of said plurality of juvenile plantlets while 
situated in said first matrix of propagule transplant containers comprises the step of 
achieving an enhanced growth speed criterion appropriate to a given plant species and 
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a given transplant modality. 

76. A method of cultivating plants as described in claim 75 wlierein said step of achieving 
an enhanced growfli speed criterion appropriate to a given plant species and a given 
transplant modality comprises the step of achieving a growth criterion transplant age 
selected from a group consisting of: 

a transplant age of about 7 days premature as compared to a traditional transplant age 
for said species, 

a transplant age of about 5 days premature as compared to a traditional transplant age 
for said species, and 

a transplant age of about 3 days premature as compared to a traditional transplant age 
for said species. 

77. A method of cultivating plants as described in claim 75 wherein said step of nurturing 
an initial growth of said propagules for said plant species in said first matrix of 
propagule transplant containers to create a first growth matrix of juvenile plantiets 
comprises the step of utilizing a controlled enviroimient and wh^ein said step of 
secondarily growing said juvenile plantlet in said adolescent plant container to create 
an adolescent plant comprises the step of utilizmg a controlled environment. 

78. A method of cultivating plants as described in claim 75 wherein said step of inserting 
said at least one individual transplant cohesive intermingled plant-media mass in an 
adolescent plant container comprises the step of inserting a plurality of individual 
transplant cohesive intermingled plant-media masses in an adolescent plant container 
matrix, 

79. A inethod of cultivatmg plants as described m claim 78 wherein said step of extruding 
a substantial portion of an individual transplant cohesive intermingled plant-media 
mass firom a propagule transplant container comprises the step of simultaneously 
extruding a substantial portion of a plurality of individual transplant cohesive 
intermingled plant-media masses from a plurality of propagule transplant containers 
in said first matrix of propagule transplant containers and wherein said step of 
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inserting aplurality of individual transplant cohesive intermingled plant-mediamasses 
in an adolescent plant container matrix comprises the step of simultaneously inserting 
a plurality of individual transplant cohesive intermingled plant-media masses in said 
adolescent plant container matrix. 

80. A method of cultivating plants as descrihed in claim 74 or 75 wherein said step of 
determining at least one punch-transplant-optimized growth criterion comprises the 
step of utilizing multifactorial punch-transplant-optimized growth criterion 
appropriate to a given plant species and a given transplant modality. 

81. A method of cultivating plants as described in claim 80 wherein said step of utilizing 
multifactorial punch-transplant-optimized morphological growth criterion appropriate 
to a given plant species and a given transplant modality comprises the step of selecting 
growth speed maximization effects involving said multifactorial 
punch-transplant-optimized morphological growth criterion. 

82. A method of cultivating plants as described in claim 8 1 wherein said step of selecting 
growth speed maximization effects involving said multifactorial 
punch-transplant-optimized morphological growth criterion comprises the step of 
selecting a plurality of growth speed maximization effects involving at least one of a 
group of factors consisting of: 

the amount of Ught received, 

the specific fertilizers utilized, 

the amount of water received, 

the humidity involved, 

the temperature involved, 

the insects present in the enviromnent, 

the location involved at any growth stage, 

the latitude involved at any growth stage, 

the time of year involved at any growth stage, 

the growing season, 

the amount of time allotted for growth, 
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the plant development stage at transplant, 

any specific growth environment involved, 

the planned time of transplant, 

the transplant environment utilized, 
5 - the transplant procedures utilized, 

the transplant device utilized, 

the seedling environment utilized, 

the leaf type of the species involved, 

the stem type of the species involved, 
10 - the root type of the species involved, 

the propagule transplant container size utilized, 

the leaf size of the propagule involved the moisture uniformity involved, 

a ratio involving any of the foregoing factors, 

all combinations of any of the forgoing factors, 
1 5 - and all permutations of any of the foregoing factors. 



83. A method of cultivating plants as described in claim 74 or 75 wherein said step of 
determining at least one punch-transplant-optunized morphological growth criterion 
comprises the step of coordinating at least one transplant system aspect with at least 
one externally nianifestedpunch-transplantK)ptutiizedmorphological growth criterion. 

20 84. A method of cultivating plants as described in claim 83 wherein said step of 
coordinating at least one transplant system aspect with at least one 
punch-transplant-optimized morphological growth criterion comprises the step of 
considering specific mechanical actions of said transplant system in determining a 
st^e of development at which said plantlet is extruded from said propagule transplant 

25 container. 



85. A method of cultivating plants as described in claim 83 vsdierein said step of 
coordinating at least one transplant system aspect with at least one 
punch-transplant-optimized morphological growth criterion comprises the step of 
optimizing the average development stage of said propagules at the time of transplant 
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for a transplant system being utilized. 

86. A method of cultivating plants as described in claim 85 wherein said step of 
optimizing the average development stage of said propagules at the time of transplant 
for a transplant system being utilized comprises the step of relating said average 
development stage of said propagules to factors selected from at least one of a group 
consisting of: 

a propagule transplant container dimension value, 

a plant punch element dimension value, 

a plant dimension value, 

a leaf dimension value, 

a ratio involving any of the foregoing factors, 

all combinations of any of the forgoing factors, and 

all permutations of any of the foregoing factors. 

87. A method of cultivating plants as described in claim 74 or 75 wherein said step of 
afSrmatively establishing said at least one punch-transplant-optimized morphological 
growth criterion comprises the step of precisely establishing a specific-tray optimized 
morphological growth criterioiL 

88. A method of cultivating plants as described in claim 74 or 75 wherein said step of 
affirmatively establishing said at least one punch-transplant-optimized morphological 
growth criterion comprises the step of establishing an optimized morphological 
growth criterion selected from at least one of a group consisting of: 

a species to propagule transplant container size ratio, 

a propagule transplant container density value of at most about 0.33 containers per 
square centimeter, 

a leaf area to propagule transplant container size ratio, 
a leaf area to propagule transplant container size ratio of at most about 1:1, 
a leaf area to propagule transplant container size ratio of at most about 2:1, 
a leaf area to propagide transplant container size ratio of at most about 3:1, 
a species based leaf area to propagule transplant container size ratio, 
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an upright plant type leaf area to propagule transplant container size ratio, 
an multi-branched plant type leaf area to propagule transplant container size ratio, 
a plant punch element cross section to propagule transplant container size ratio, 
a plant punch element cross section to propagule transplant container size ratio of at 
most about 0.75:1, 

a plant punch element cross section to propagule transplant container size ratio of at 
most about 0.50:1, 

a plant pimch element cross section to prop^ule transplant container size ratio of at 
most about 0.25:1, 

a moisture coordinated propagule transplant container size, 

a container edge moisture coordinated propagule transplant container size, 

a moisture deficit area coordinated propagule transplant container size, 

a stem type coordinated propagule transplant container size, 

a stem stretch up avoidance fector, 

a leaf type coordinated propagule transplant container size, 

a leaf overlap avoidance &ctor, 

a sub-leaf micro environment control factor, 

a shade coordinated propagule transplant container size, 

a media dry-out avoidance factor, 

a leaf fit-through propagule transplant container size, 

a root coordinated propagule transplant container size, 

a root disturbance avoidance propagule transplant container size, 

a propagule transplant container volume to root volume ratio of at least about 5:1, 

a propagule transplant container volume to root volume ratio of at least about 3:1, 

a plant punch type coordinated propagule transplant container size, 

a plant punch size coordinated propagule transplant container size, 

a climate coordinated propagule transplant container size, 

a location coordinated propagule transplant container size, 

a location factor criterion, 

an initial growth location factor criterion, 

a secondary growth location fector criterion, 

a delivery location factor criterion, 
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a location maturity of about .8 of a typical mid-latitude US transplant maturity, 
a location maturity of about .9 of a typical mid-latitude US transplant maturity, 
a location maturity of about 1.1 of a typical mid-latitude mid-spring planting US 
transplant maturity 

a location maturity of about 1.2 of a typical mid-latitude mid-spring planting US 
transplant maturity 

a location n:iaturity of about 1.3 of a typical mid-latitude mid-spring planting US 
transplant maturity 

a location maturity of about 1.4 of a typical mid-latitude mid-spring planting US 
transplant maturity 

a location maturity of about 1.5 of a typical mid-latitude mid-spring planting US 
transplant maturity, 

a species coordinated propagule transplant container size, and 

a season of transplant coordinated propagule transplant container size. 

89. A plant development transplant system comprising: 

a. a punch-transplant-optimized morphological growth criterion supportive element 
which is appropriate to a given plant species and a given transplant modality; 

b. a matrix of propagule transplant containers within which plant growth is impacted by 
said punch-transplant-optimized moiphological growth criterion supportive element; 

c. a substantially planar formable web interconnecting said matrix of propagule 
transplant containers; 

d. a yieldable exit element established on a bottom of a plurality of said propagule 
. transplant containers; 

e. a growth medium contained by said plurality of propagule transplant containers; and 

f. a plurality of plant propagules of said species contained within said propagule 
transplant containers and responsive to said growth medium. 

90. A plant transplant system as described in claim 89 wherein said 
punch-transplant-optimized morphological growth criterion supportive element 
comprises a growth speed enhancement element. 
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91 . A plant transplant system as described in claim 90 and further comprising a plurality 
of adolescent plant containers into which said plants are transplanted and wherein said 
matrix of propagule transplant containers and said plurality of adolescent plant 
containers are each adapted for use in a controlled growth enviromnent. 

92. Aplanttransplantsystemasdescribedinclaim91 wherein said plurality of adolescent 
plant containers comprises an adolescent plant container matrix. 

93 . A plant transplant system as described in claim 92 wherein said automatic transplant 
system further comprises: 

a. a simultaneous extrusion system coordinated with a matrix of propagule transplant 
containers; and 

b. a simultaneous insertion system coordinated with a plurality of adolescent plant 
containers. 

94. A plant transplant system as described in claim 89 or 90 wherein said 
pimch-transplant-optimized morphological growth criterion supportive element 
comprises a multifactorial punch-transplant-specific morphological growth element 
appropriate to a given plant species and a given transplant modality. 

95. A plant transplant system as described in claim 94 wherein said multifactorial 
punch-transplant-optimized morphological growth element achieves a growth speed 
maximization element involving at least one of a group of factors consisting of: 
the amount of light received, 

the specific fertilizers utilized, 

the amount of water received, 

the humidity involved, 

the temperature involved, 

the insects present in the environment, 

the location involved at any growth stage, 

the latitude involved at any growth stage, 

the time of year involved at any growth stage, 
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the growing season, 

the amount of time allotted for growth, 

the plant development stage at transplant, 

any specific growth enviromnent involved, 
5 - the planned time of transplant, 

the transplant environment utilized, 

the transplant procedures utilized, 

the transplant device utilized, 

the seedling enviromnent utilized, 
10 - the leaf type of the species involved, 

the stem lype of the species involved, 

the root type of the species involved, 

the propagule transplant container size utilized, 

the leaf size of the propagule involved the moisture uniformity involved, 
1 5 - a ratio involving any of the foregomg factors, 

all combinations of any of the forgoing factors, 

and all permutations of any of the foregoing factors. 



96. A plant transplant system as described in claim 89 or 90 wherein said 
punch-transplant-optimized morphological growth criterion supportive element 
20 comprises an automatic transplant system aspect coordination element. 



97. A plant transplant system as described in claim 96 wherein said automatic transplant 
system aspect coordination element is adapted to achieve an optimized morphological 
growth criterion selected from at least one of a group consisting of: 
a species to propagule transplant container size mtio, 
25 - a propagule transplant container density value of at most about 0.33 containers per 
square centimeter, 

a leaf area to propagule transplant container size ratio, 
a leaf area to propagule tranq)lant container size ratio of at most about 1 :1, 
a leaf area to propagule transplant container size ratio of at most about 2: 1 , 
30 - a leaf area to propagule transplant container size ratio of at most about 3:1, 
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a species based leaf area to propagule transplant container size ratio, 

an upright plant type leaf area to propagule transplant container si2:e ratio, 

an multi-branched plant type leaf area to propagule transplant container size ratio, 

a plant punch element ctoss section to propagule transplant container size ratio, 

a plant punch element cross section to propagule transplant container size ratio of at 

most about 0,75:1, • 

a plant punch element cross section to propagule transplant container size ratio of at 
most about 0.50: i, 

a plant punch element cross section to propagule transplant container size ratio of at 
most about 0.25:1, 

a moisture coordinated propagule transplant container size, 

a container edge moisture coordinated propagule transplant container size, 

a moisture deficit area coordinated propagule transplant container size, 

a stem type coordinated propagule transplant container size, 

a stem stretch up avoidance factor, 

a leaf type coordinated propagule transplant container size, 

a leaf overlap avoidance factor, 

a sub-leaf micro environment control factor, 

a shade coordinated propagule transplant container size, 

a media dry-out avoidance factor, 

a leaf jfit-through propagule transplant container size, 

a root coordinated propagule transplant container size, 

a root disturbance avoidance propagule transplant container size, 

a propagule transplant container volume to root volume ratio of at least aboirt 5:1, 

a propagule transplant container volume to root volume ratio of at least about 3:1, 

a plant pimch type coordinated propagule transplant container size, 

a plant punch size coordinated propagule transplant container size, 

a climate coordinated propagule transplant container size, 

a location coordmated propagule transplant container size, 

a location factor criterion, 

an initial growtii location factor criterion, 

a secondary growth location factor criterion, 
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a delivery location factor criterion, 

a location maturity of about .8 of a typical mid-latitude US transplant maturity, 
a location maturity of about .9 of a typical mid-latitude US transplant maturity, 
a location maturity of about 1.1 of a typical mid-latitude mid-spring planting US 
5 transplant maturity 

a location maturity of about 1.2 of a typical mid-latitude mid-spring planting US 
transplant maturity 

a location maturity of about 1.3 of a typical mid-latitude mid-spring planting US 
transplant maturity 

10 - a location maturity of about L4 of a typical mid-latitude mid-spring planting US 
transplant maturity 

a location maturity of about 1.5 of a typical mid-latitude mid-spring planting US 
transplant maturity, 

a species coordinated propagule transplant container size, and 
1 5 - a season of transplant coordinated propagule transplant container size. 



98. A plant transplant system as described in claim 50, 58, 63,89 or 90 and further 
comprising an automatic transplant system which operates in connection with said 
propagule transplant containers. 



99. A plant transplant system as described in claim 98 wherein said automatic transplant 
20 system comprises a continuate insert system. 

1 00. A plant transplant system as desoibed in claim 99 wherein said automatic transplant 
system further comprises: 

a. a propagule transplant container matrix guide coordinated with a matrix of propagule 
transplant containers; and 
25 b. a close tolerance adolescent plant container mattix guide situated in close proximity 
and pamllel to at least a portion of said propagule transplant container matrix guide. 



101. A plant transplant system as described in claim 99 wherein said automatic transplant 
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system further comprises: 

a. a simultaneous extrusion system coordinated with a matrix of propagule transplant 
containers; and 

b. a simultaneous insertion system coordinated with a plurality of adolescent plant 
containers. 

1 02. A plant transplant system as described in claim 101 wherein said matrix of propagule 
transplant containers and said plurality of adolescent plant containers are each adapted 
for use in a controlled growth environment. 

103. A plant transplant system as described in claim 50, 58, 63, 89 or 90 wherein said 
propagule transplant containers comprise a yield enhanced subdued density matrix 
which achieves an enhanced production yield that is statistically increased over a 
traditional transplant production yield for said species. 

104. A plant transplant system as described in claim 103 wherein said yield enhanced 
subdued densily matrix comprises a yield enhanced subdued density matrix selected 
from at least one of a group consisting of: 

a greater than about an eighty-five percent production yield subdued density matrix, 
greater than about an ninety percent production yield subdued density matrix, and 
greater than about an ninety-five percent production yield subdued densily matrix. 

105. A plant transplant system as described in claim 50 or 104 wherein said subdued 
density matrix has a densily adapted to achieve an optimized morphological growth 
criterion selected from at least one of a group consisting of: 

a species to propagule transplant contains size ratio, 

a propagule transplant container density value of at most about 0.33 containers per 
square centimeter, 

a leaf area to propagule transplant container size ratio, 
a leaf area to propagule transplant container size ratio of at most about 1:1, 
a leaf area to propagule transplant container size ratio of at most about 2:1, 
a leaf area to propagule transplant container size ratio of at most about 3:1, 
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a species based leaf area to propagule transplant container size ratio, 

an upright plant type leaf area to propagule transplant container size ratio, 

an multi-branched plant type leaf area to propagule transplant container size ratio, 

a plant punch element cross section to propagule transplant container size ratio, 

a plant punch element cross section to propagule transplant container size ratio of at 

most about 0.75:1, 

a plant pimch element cross section to propagule tranqjlant container size ratio of at 
most about 0.50:1, 

a plant punch element cross section to propagule transplant container size ratio of at 
most about 0.25:1, 

a moisture coordinated propagule transplant container size, 

a container edge moisture coordinated propagule transplant container size, 

a moisture deficit area coordinated propagule transplant container size, 

a leaf type coordinated propagule transplant container size, 

a leaf overlap avoidance factor, 

a sub-leaf micro environment control factor, 

a shade coordinated propagule transplant container size, 

a media dry-out avoidance factor, 

a leaf fit-through propagule transplant container size, 

a root coordinated propagule transplant container size, 

a root disturbance avoidance propagule transplant container size, 

a propagule transplant container volume to root volume ratio of at least about 5:1, 

a propagule transplant container volume to root volume ratio of at least about 3:1, 

a plant punch type coordinated propagule transplant container size, 

a plant punch size coordinated propagule transplant container size, 

a climate coordinated propagule transplant container size, 

a location coordinated propagule transplant container size, 

a species coordinated propagule transplant container size, and 

a season of transplant coordinated propagule transplant container size. 

106. A method of cultivating plants as described in claim 54, 66, 71, 74, or 75 and further 
comprising the step of utilizing an automatic transplant system. 
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1 07. Amethod of cultivating plants as described in claim 106 wherein said step of utilizing 
an automatic transplant system comprises the step of continuately insertiag at least one 
iadividual transplant cohesive intermingled plant-media mass in an adolescent plant 
container. 

108. A method of cultivating plants as described in claim 107 and further comprising the 
step of close tolerance positiomng said adolescent plant container witb respect to said 
matrix of propagule containers. 

1 09. A method of cultivating plants as described in claim 1 07 wherein said step of utilizing 
an automatic transplant system comprises the steps of: 

a. simultaneously extruding a substantial portion of a plurality of individual transplant 
cohesive intermingled plant-media masses from a plurality of propagule transplant 
containers; and 

b. simultaneously inserting a plurality of individual transplant cohesive intermingled 
plant-media masses in a plurality of adolescent plant containers. 

110. A method of cultivating plants as described in claim 1 09 and further comprising the 
step of utilizing a controlled environment at some time both before and after 
accompUshing said step of simultaneously extruding a substantial portion of aplurality 
of individual transplant cohesive intermingled plant-media masses from a plurality of 
propagule transplant containers. 

111. A method of cultivating plants as described in claim 54, 66, 7 1 , 74, or 75 wherein said 
matrix of propagule containers comprises a matrix adapted to achieve an enhanced 
production yield which is statistically increased over a traditional transplant 
production yield for said species. 

112. A method of cultivating plants as described in claim 111 wherein said matrix of 
propagule containers comprises a matrix adapted to achieve an enhanced production 
yield which is statistically increased over a traditional transplant production yield for 
a species comprises the step of achieving a production yield selected from at least one 
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of a group consistmg of: 

greater than about an eighty-five percent production yield, 
greater than about an ninety percent production yield, and 
greater than about an ninety-five percent production yield. 

5 113. Amethodof cultivating plants as described in claim 54 or 112 and further comprising 
the step of establishing an optimized morphological growth criterion selected from at 

least one of a group consisting of: 

a species to propagule transplant container size ratio, 

a propagule transplant container density value of at most about 0.33 containers per 

10 square centimeter, 

a leaf area to propagule transplant container size ratio, 
a leaf area to propagule transplant container size ratio of at most about 1:1, 
a leaf area to propagule transplant container size ratio of at most about 2:1, 
a leaf area to propagule transplant container size ratio of at most about .3:1, 

15 - a species based leaf area to propagule transplant container size ratio, 

an upright plant type leaf area to propagule transplant container size ratio, 
an multi-branched plant type leaf area to propagule transplant container size ratio, 
a plant punch element cross section to propagule transplant container size ratio, 
a plant punch element cross section to propagule transplant container size ratio of at 

20 most about 0.75:1, 

a plant punch element cross section to propagule transplant container size ratio of at 
most about 0.50:1, 

a plant punch element cross section to propagule transplant container size ratio of at 

most about 0.25:1, 
25 - a moisture coordinated propagule transplant container size, 

a container edge moisture coordinated propagule transplant container size, 

a moisture deficit area coordinated propagule transplant container size, 

a stem type coordinated propagule transplant container size, 

a stem stretch up avoidance factor, 
30 - a leaf type coordinated propagule transplant container size, 

a leaf overlap avoidance factor, 
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a sub-leaf micro environment control factor, 

a shade coordinated propagule transplant container size, 

a media dry-out avoidance factor, 

a leaf fit-through propagule transplant container size, 
5 - a root coordinated propagule transplant container size, 

a root disturbance avoidance propagule transplant container size, 

a propagule transplant container volume to root volume ratio of at least about 5:1, 

a propagule transplant container volume to root volume ratio of at least about 3:1, 

a plant punch type coordinated propg^e transplant container size, 
1 0 - a plant punch size coordinated propagule transplant container size, 

a climate coordinated propagule transplant container size, 

a location coordinated propagule transplant container size, 

a location factor criterion, 

an initial grovvfli location fector aiterion, 
15 - a secondary growth location factor criterion, 
- . a delivery location factor criterion, 

a location maturity of about .8 of a typical mid-latitude US transplant maturity, 

a location maturity of about .9 of a typical mid-latitude US transplant maturity, 

a location maturity of about 1.1 of a typical mid-latitude mid-spring planting US 
20 transplant maturity 

a location maturity of about 1.2 of a typical mid-latitude mid-spring planting US 

transplant maturity 

a location maturity of about 1.3 of a typical mid-latitude mid-spring planting US 
transplant maturity 

25 - a location maturity of about 1.4 of a typical ndd-latitude mid-spring planting US 
transplant maturity 

a location maturity of about l.S of a typical mid-latitude mid-spring planting US 
transplant maturity, 

a species coordinated propagule transplant container size, and 
30 - a season of transplant coordinated propagule transplant container size. 



1 14. A plant transplant system as described in claim 50, 58, 63, 89, 90, 99 or 101 wherein 
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said propagule transplant containers have a drasity adapted to affirmatively establish 
at least one externally manifested puach-transplant-specific morphological growth 
criterion for a substantial portion of said plurality of juvenile plantlets. 

115. A plant transplant system as described in claim 114 wherein said automatic transplant 
system comprises a continuate insert system. 

116. A plant transplant system as described in claim 33, 35, 37, 41, 43, 47, 48, 50, 58, 63, 
89, 90, 99 or 101 wherein said propagule transplant containers comprise a subdued 
density matrix of propagule transplant containers arranged in a rectilinear matrix. 

1 17. A plant tranq)lant system as described in claim 33, 35, 37, 41, 43, 47, 48, 50, 89, 90, 
99, 1 0 1 or 1 1 6 wherein said propagule transplant containers comprise a matrix of area 
extravagant propagule transplant containers. 

118. A plant transplant system as described in claim 33,35,37, 41, 43, 47, 48, 50, 89, 90, 
99, 101, or 1 16 wherein said propagule transplant containers comprise a matrix of 
volume extravagant propagule transplant containers. 

1 19. A plant transplant system as described m claim 33, 35, 37, 41, 43, 47, 48, 50, 58, 63, 
89, 90, 99, 101, 116, or 117 or and further comprising a predibbler which acts upon 
at least one adolescent plant container. 

120. A plant transplant system as described in claim 33, 35, 37, 41, 43, 47, 48, 5 0, 58, 63, 
89, 90, 99, 1 0 1 , 1 1 6 or 1 1 7 and further comprising an automated movement sequencer 
to which said propagule plant container is responsive. 

121. A plant transplant system as described in claim 33 or 120 wherein said automated 
movement sequencer comprises: 

a. an automated forward tray movement sequencer; and 

b. an automated side-to-side tray movement sequencer. 
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122. A plant transplant system as described in claim 33, 35, 37, 41, 43, 47, 48, 50, 58, 63, 
89, 90, 99, 101, 116, 117, or 119 and further comprising: 

a. a coordinated number propagule transplant container matrix; and 

b. a coordinated number adolescent plant container matrix. 

123. A method of cultivating plants as described in claim 54, 66, 71, 74, 75, 107, or 109 
and further comprising the steps of: 

a. detennining at least one externally manifested punch-transplant-specific 
morphological growth criterion appropriate to a given plant species and a given 
transplant modality; and 

b. affirmatively establishing said at least one externally manifested 
punch-transplant-specific morphological growth criterion for a substantial portion of 
a plurality of juvenile plantlets while situated in said propagule transplant containers. 

124. A method of cultivating plants as described in claim 123 and further comprising the 
step of continuately inserting at least one individual transplant cohesive intermingled 
plant-media mass in an adolescent plant container immediately after extruding a 
substantial portion of an individual transplant cohesive intermingledplant-mediamass 
fiom said propagule transplant container. 

125. A method of cultivating plants as described m claim 9, 10, 12, 17, 20, 29, 3 1, 66, 71, 
107, or 109 wherein said step of mterconnectmg said first matrix of propagule 
transplant containers by a substantially planar formable web comprises the step of 
utilizing a subdued density matrix of propagule transplant containers arranged in a 
rectilinear matrix. 

126. A method of cultivating plants as described in claim 9,10, 12, 17, 20, 29, 3 1, 54, 74, 
75, 107, 109, or 125 wherein said step of placing growth media and a plurality of 
propagules for said plant species in a first matrix of propagule transplant containers 
comprises the step of utilizing a matrix of area extravagant propagule transplant 
containers. 
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127. A method of cultivating plants as described in claim 9, 10, 12, 17, 20, 29, 31, 54, 74, 
75, 107, 109, or 125 wherein said step of placing growth media and a plurality of 
propagules for said plant species in a first matrix of propagule transplant containers 
comprises the st&p of utilizing a matrix of volume extravagant propagule transplant 

5 containers. 

128. A method of cultivating plants as described in claim 9, 10, 12, 17, 20, 29, 3 1, 54, 66, 
71, 74, 75, 107, 109, 125, or 126 and further comprising the step of predibbling said 
adolescent plant container prior to accomplishing said step of inserting at least one 
individual transplant cohesive intermingled plant-media mass in said adolescent plant 

10 container. 

129. A method of cultivating plants as described in claim 9, 10, 12, 17, 20, 29, 3 1, 54, 66, 
71, 74, 75, 107, 109, 125, 126, or 128 and further comprising the step of creating a 
sequence of automated movements as part of a transplant process. 



130. A method of cultivating plants as described in claim 129 wherein said step of creating 
15 a sequence of automated movements as part of a transplant process comprises the 

steps of: 

a. utilizing an automated forward tray movement; and 

b. utilizing an automated side-to-side tray movement 

131. A method of cultivating plants as described in claim 9, 1 0, 1 2, 1 7, 20, 29, 3 1 , 54, 66, 
20 71, 74, 75, 107, 109, 125, 126, or 128 and further comprismg the steps of: 

a. utilizing a coordinated number propagule transplant container matrix; and 

b. utilizmg a coordinated number adolescent plant container matrix. 

1 32. A plant transplant system as described in claim 116 wherein said matrix of propagule 
transplant containers comprises a subdued density matrix having a density adapted to 

25 achieve an optimized morphological growth criterion selected firom at least one of a 

group consisting of: 

a species to propagule transplant container size ratio, 
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a propagule transplant container density value of at most about 0.33 containers per 
square centimeter, 

a leaf area to propagule transplant container size ratio, 

a leaf area to propagule transplaut container size ratio of at most about 1:1, 

a leaf area to propagule transplant container size ratio of at most about 2:1, 

a leaf area to propagule transplant container size ratio of at most about 3:1, 

a species based leaf area to propagule transplant container size ratio, 

an upright plant type leaf area to propagule transplant container size ratio, 

an multi-branched plant type leaf area to propagule transplant container size ratio, 

a plant punch element cross section to propagule transplant container size ratio, 

a plant punch element cross section to propagule transplant container size ratio of at 

most about 0,75:1, 

a plant pxmch element cross section to propagule transplant container size ratio of at 
most about 0.50:1, 

a plant punch element cross section to propagule transplant container size ratio of at 
most about 0.25:1, 

a moisture coordinated propagule transplant container size, 

a container edge moisture coordinated propagule transplant container size, 

a moisture deficit area coordinated propagule transplant container size, 

a leaf type coordinated propagule transplant container size, 

a leaf overlap avoidance factor, 

a sub-leaf micro environment control factor, 

a shade coordinated propagule transplant container size, 

a media dry-out avoidance factor, 

a leaf fit-through propagule transplant container size, 

a root coordinated propagule transplant container size, 

a root disturbance avoidance propagule transplant container size, 

a propagule transplant container volume to root volume ratio of at least about 5:1, 

a propagule transplant container volume to root volume ratio of at least about 3:1, 

a plant punch type coordinated propagule transplant container size, 

a plant punch size coordinated propagule transplant container size, 

a climate coordinated propagule transplant container size, 
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a location coordinated propagule transplant container size, 

a species coordinated propagule transplant container size, and 

a season of transplant coordinated propagule transplant container size. 
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